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Borden S. Veeder 


MANY MEN have made contributions in 
the areas of their special interests—few men 
have made contributions in so many dif- 
ferent fields as Borden Veeder. It would be 
hard to name any sphere of medical ac- 
tivity in which he has not at some time had 
an active and vital share. 

Directly after graduation from medical 
school Borden devoted himself to the lab- 
oratory in Philadelphia and St. Louis. When 
further work along these lines involved mov- 
ing to Baltimore he chose to remain in St. 
Louis. He entered actively into private pedi- 
atric practice and occupied a commanding 
position among the pediatricians of this coun- 
try until his retirement. During these busy 
years he also taught at Washington Univer- 
sity, and many men in practice owe much to 
him for his wise instruction. To a remark- 
able degree he has kept his interest in and 
contacts with the young men in Pediatrics 
and they turn to him constantly for advice 
and companionship. 

The St. Louis community soon appreci- 
ated his sterling qualities and called upon 
him to lead in many activities, especially in 
work for children. This phase of his work 





culminated in the chairmanship of the St. 
Louis Chapter of the Red Cross during 
World War II. His independence and vision 
in this position gained recognition outside 
the local area. 

Child health at home and abroad claimed 
his interest from his earliest days in medi- 
cine. He was active in the Society for the 
Study and Prevention of Infant Mortality 
and its expansion into the Child Health 
Association, which later merged with the 
Child Health Organization to form the 
American Child Health Association. During 
World War I he served in France with the 
Red Cross in work for children. 

He was an active member of the Ameri- 
can Pediatric Society and a founding and 
influential member of the American Acad- 
emy of Pediatrics. He served as President of 
both organizations. When the Academy sev- 
ered its connection with the JouRNAL, Bor- 
den took over the editorship to continue 
its publication as an independent organ. 
With the assistance of an Editorial Board 
chosen by him and guided by his keenly 
critical mind it has become one of the out- 
standing specialty journals in this country. 
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It has made a particular contribution in 


bringing to the general practitioner the best 
of modern procedures in pediatric diagnosis 
and treatment. 

He was a member of the first American 
Board of Pediatrics and continued to serve 
on it for many years. He had much to do 
with establishing the policies and proced- 
ures. He was a member of the National 
Board of Medical Examiners and aided 
greatly in securing the admission of pedi- 
atric questions in the general examination. 
He was chairman for a time of both Boards. 

He was a member of the Committee of 
Physicians for the Improvement of Medical 
Care—being willing to stand up and be 
counted for a more progressive attitude by 
the medical profession toward economic 
matters when such a position was far from 
popular. He never lacked courage to take a 
stand in any matter when he felt that the 
cause was good. 

These are only a few of the places where 
Borden Veeder’s influence has been felt. 
None of them nor the sum of them can 
tell what he has done for Pediatrics or, 


more important, for individuals—parents, 


students, confreres, and friends. 
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It is not enough to speak of Borden’s 
public life. One thinks of his love of the out 
of doors—vacations spent with rod and gun 
and happy days on the golf course; of his 
fondness for good literature and a spicy 
detective story; of his quite extensive li- 
brary with not a few rare volumes and of 
his appreciation and knowledge of music. 
When he married relatively late he not only 
enriched his own life but gave to his friends 
the opportunity to know Vera—whom they 
promptly came to respect and love. To 
those who have been fortunate in knowing 
Borden well his great capacity for friend- 
ship and his unfailing integrity in thought 
and word and deed are among the cherished 
blessings of this life. 

Borden has retired from practice, from 
teaching, from official association with med- 
ical groups, from community responsibili- 
ties, and just now from the editorship of 
the JouRNAL oF Pepiarrics. One cannot 
think of him as being idle. One may be sure 
that as Elder Statesman he will continue 
to exert a mellow, mature, and selfless in- 
fluence on people and causes as he has done 
so effectively for many years. 


RICHARD M. SMITH, M.D. 
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Borden S. Veeder 


“A wise man and a scribe” 


1 Chronicles 27:32 


KincG Davip’s UNCLE should have 
been proud to bear this double title—one 
which only in part does justice to Borden S. 
Veeder. He has been and is a wise man, 
giver and receiver of friendship, lover of the 
arts, family man, scribe, Compleat Pediatri- 
cian in the full Walton-Davison _ sense, 
“leader of his generation,’ and medical 
statesman. 

Like his 2-year-old patients, he gets into 
everything. 

The one thing cryptic about Borden 
Veeder is his middle name—Smith. For the 
sake of what brevity my subject will allow, 
he will hereinafter appear as BSV. 

‘“‘WHAT MANNER OF MAN’’... ?’’ 

Matthew 8:27 

BSV was born in Fonda, New York, Aug. 
21, 1883, the son of James Lansing and 
Jenny Smith Veeder. His Dutch background 
may account for his determination to get 
things done. Yet, throughout a career which 
it is an understatement to call successful, 
BSV has all too often had to manifest “the 
serenity to accept the things he could not 
change” (attributed to Reinhold Niebuhr). 

His father died when BSV was 6 years 
old—his first unavoidable adjustment. Al- 
though his mother remarried later, she bore 
the responsibility for his earlier years. One of 
BSV’s stepbrothers was George Spearl, who 


became one of St. Louis’ best-known archi- 
tects; with James P. Jamieson he designed 
many of Washington University’s finest build- 








ings. A stepsister, Charlotte, a nurse, shared 


ownership of a camp in the Adirondacks 
with BSV. They were most congenial and 
gave each other much-needed companion- 
ship. All too soon, tragedy struck again. She 
died at 40; and another major adjustment 
was required of BSV. 

Shortly after finishing his medical train- 
ing, illness compelled BSV to be inactive for 
2 years. Recovery fortunately was complete, 
but so thorough was his adjustment that he 
has been able to master the philosophy of 
living from day to day. 

BSV remained a popular bachelor until he 
was 47, living most of the time at the St. 
Louis University Club from 1919 until his 
marriage Sept. 15, 1930, to Mrs. Vera Gian- 
nini Angert, widow of Eugene Angert, prom- 
inent St. Louis attorney. He was the pedi- 
atrician for her son and two daughters until 
they “outgrew him” medically. It was char- 
acteristic of his sensitivity to the various 
aspects of a situation that, in the summer 
he and Mrs. Angert became engaged, they 
“all got together” for a month at a ranch 
in New Mexico. BSV wanted to be sure 
that he and the children would get along 
well before he married their mother. (This 
was told me by one of the Angert girls.) 
The matter of their getting along was never 
in doubt! It is safe to say that the same is 
true of the four grandchildren who have 
since appeared upon the family scene. 

During recent years, Mrs. Veeder’s crip- 
pling spinal disorder kept her from the ac- 
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Fig. 1. The Veeder-Angert family, 1946. 


tive, gracious social life for which she was so 
well known. As one might expect, she and 
BSV coped gallantly with the situation, BSV 
simply letting it be known that he was not 
available for outside activities, especially in 
the evening 

Ever an outdoor man, BSV not only played 
golf, but also fared into the wilds to hunt 
and to fish. His intimate friend, Edwin H. 
Steedman of St. Louis, writes: 

“On a trip to Alaska, we were accom- 
panied by Mrs. Steedman and Edward Mal- 
linckrodt, Jr. 


mother bear. She left two young cubs which 


Unknowingly we killed a 


we adopted. Borden was not only doctor but 


nurse. The development of a satisfactory 
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formula for these cubs I am sure taxed all of 
his ingenuity. The fact that these two Ko- 
diaks were on view at the St. Louis Zoo until 
just recently proved the success of his ef- 
forts.” They died of old age. 

Like Osler, Graeme Mitchell, and all too 
few others, BSV has much extracurricular 
knowledge and many varied interests. So far 
as I know, he plays no musical instrument, 
yet he has been an inveterate concert goer 
and a keen appreciator and critic of music. 
He has not turned out the amazingly good 
paintings and etchings which the remark- 
able “Dr. Pottlesmith” (Graeme Mitchell) 
produced, but his collections, especially of 
etchings, and his knowledge of and interest 
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in the graphic arts, “put him up there” with 
Graeme, and would have drawn the two to- 
gether even had they not had so many other 
things in common, including their talents as 
raconteurs. In “humane letters,” BSV_ has 
been not only the critic, but the excising 
editor. He is a creative writer “that needeth 
not to be ashamed.” He is one of those who 
have things to say, and who can both say 
and write them in a way inviting attention. 

Like Jefferson, Lincoln, and Franklin, 
BSV has not, in his adult life, been church 
centered, or even a church member. He was 
brought up in the Dutch Reformed Church. 
Like the men mentioned, he has put com- 
plete honesty—truth—at the center of his 
life—not a bad idea; and one rather likely 
to be “approved of God.” He has shown him- 
self to be both judicial and judicious and 


might well be called “The Just.” 
BSV: COMPLEAT PEDIATRICIAN 
Walton-Davison 


“After graduation from Colgate Academy and 
College, N. Y. (Colgate University gave him the 
honorary degree of Sc.D. in 1929) BSV received 
his M.D. degree from the University of Pennsyl- 
vania in 1907. He interned in the University 
Hospital, then went to Berlin for a year of study. 
Upon his return, he became demonstrator in 
pathology, University of Pennsylvania, and Pa- 
thologist at St. Christopher’s Hospital for Chil- 
dren. 

“In 1911 he went to St. Louis to develop with 
Dr. Howland a Department of Pediatrics at 
Washington University. He carried not only the 
charge of the entire department after Dr. How- 
land’s departure, but reorganized the Children’s 
Hospital. 

“Blessed with a sane, common-sense outlook 
on life, Borden Veeder has developed a remark- 
ably successful combination of practitioner and 


educator.” 


These paragraphs are taken from the 
semicentennial volume of the American Pedi- 
atric Society, 1938. 

In his most interesting book, Adventures 
in Medical Education, Dr. G. Canby Robin- 
son' (p. 102) describes the reorganization of 
the Washington University School of Medi- 
(1909-1910) 


cine as “one of the most 
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dramatic events in the history of American 
education,” paying tribute to the generosity 
and foresight of Robert S. Brookings (a 
friend of BSV 


responsible for it. 


the businessman so largely 


Dr. Robinson continues: 


“In April, 1909, 
Flexner, under the general direction of Henry S. 


page 102) Dr. Abraham 


Pritchett, president of the Carnegie Foundation, 
inspected the medical department of Washington 
University as part of his national study of medi- 
cal education. . . 

“Flexner’s report came as a shock to Mr. 
Brookings. He ‘Found the school a little better 
than the worst I had seen elsewhere, but abso- 
lutely inadequate in every respect.’ ” 

“The St. Louis Children’s Hospital, then occu- 
pying an antiquated building, was (like Barnes 
Hospital) also interested in a new plant, and in 
affiliating with the University.” (p. 113. 

“The Children’s Hospital had as the President 
of its Board Mrs. Robert McKittrick Jones, who 
combined unusual qualities of leadership with 
vision, energy, and charm comparable with those 


of Brookings.” p. 117. 





Fig. 2. BSV at Sunlight Ranch, Cody, Wyoming, 
summer of 1932. 
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Mrs. Jones worked intensively with BSV 
and later (1915) with McKim Marriott to 
develop the Children’s Hospital into the lead- 


ing institution which it became. 


“In 1910, George Dock was made Professor of 
Medicine and Dean, with such great men as 
Opie, Erlanger, Shaffer, and Terry on the Execu- 
tive Faculty. The Rockefeller Institute and the 
Johns Hopkins Medical School were two of the 
main sources of recruitment of the younger men. 
John Howland (Hopkins) was Professor of Pedi- 
atrics. (He resigned after a few months to return 
to Baltimore, and BSV took over the department 
In Biochemistry, Dr. Philip A. Shaf- 
fer, then not yet 30, brought with him from Cor- 
nell Dr. W. McKim Marriott. Among the ‘other 


young men’ was Borden Veeder, from Phila- 


until 1915 


delphia, in Clinical Pediatrics.” (p. 119. 

‘In 1915, E. L. Opie resigned as Dean, and 
Dr. Philip A. Shaffer succeeded him, and the 
Medical School was under his guidance when 
the Departments of Medicine and Surgery and 
Pediatrics ‘went on full time’ and required ad- 


> 


justment and extension.” (p. 137. 


It was then that McKim Marriott turned 
from biochemistry to pediatrics, after a brief 
training period in its clinical aspects, and be- 
came full-time professor. Philip C. Jeans, 
Jean V. Cooke, and Samuel W. Clausen 
a great trio—were appointed as full-time as- 
sistants 

BSV’s “power to adjust” was called upon, 
and he responded. Here was a clinician 
whose organizing ability and whose knack at 
pioneering new enterprises were clear to all 
and who was big enough and _ sufficiently 
trained to see the importance of full-time 
laboratory research men to medical educa- 
tion and progress. He has never been one to 
look askance at such research and teaching 
or to mislabel it “ivory-tower” in contrast to 
“practical” medicine. As elsewhere, the 
Veeder type and the Marriott type were and 
are both needed in pediatrics. Both men re- 


alized this and “went along” in intimate 


friendship, to the great and lasting benefit of 


pediatrics in the Middle West and through- 
out the nation. 

Compleat pediatrician? With all his extra- 
curricular activities, we are likely to overlook 


the fact that throughout his life in St. Louis, 
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except for his service in World War I and 
until retirement about 2 years ago, BSV has 
been a private practitioner. It is true that he 
could not permit himself to be as hyperac- 
tively involved in practice as others. A “huge” 
practice, all-consuming as it is, would ac- 
tually have been wrong for him. He has been 
fortunate in having as his associate Dr. “Ed” 
Rohlfing, who has done so much to prolong 
BSV’s professional and temporal life. 

As his stepdaughter relates, BSV was so 
interested in his patients that he “often spent 
hours discussing marital problems with 
couples, at times preventing divorce, and 
probably even suicide.” 

“THOU MORE THAN SOLDIER” 

Thomas Moore 

The entry of the United States into World 
War I in April, 1917, required of BSV as of 
many others, a further major adjustment. On 
May 16, 1917, American Red Cross Unit No. 


Fig. 3. BSV, World War I. 
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21 was called to active duty as U. S. Army 
Base Hospital Unit No. 21, often referred to 
as the “Washington University Unit.” On 
June 12, the Unit took over British General 
Hospital No. 12, Rouen, France, and saw 
continuous duty for a year. BSV was at first 
a Captain M.C. A note in the Unit’s “Cal- 
endar’* dated May 15, 1918, reads: “Major 
(Fred) Murphy left. Major Veeder in Com- 
mand.” BSV soon became Lieutenant-Col- 
onel, then Colonel. 

Miss Julia Stimson,* Chief Nurse of the 
Unit, wrote to her family July 8, 1917, as 


follows: 


“Dr. Veeder can do no medical work at all 
just now At present he is spending his time 
quartermastering. He is responsible for the Offi- 
cers’ mess, does all the buying, planning, arrang- 
ing about cooks, cleaning up, etc., and he is doing 
it well, too, and with mighty good grace 
performing all sorts of miracles that only a very 
persistent and determined man can do. . . . It is 
so absolutely different from what he was trained 
for and what he would prefer.” 


In “Activities, Base Hospital 21, France,” 
p. 24,4 we read, “Lt. Col. Veeder was made 
a Companion of the order of St. Michael 
and St. George (C.M.G.) by the British Gov- 
ernment.” 

Final “vignettes” from a letter by Dr. 
James B. Costen of St. Louis, now a distin- 
guished otolaryngologist, then a “non-com 
with the outfit”: 


“As C.O. of the outfit, Veeder came in for all 
the gripes that the boys in the army indulge in. If 
the rations (all British) got skinny and we fell 
back on stewed Australian jack-rabbit, it was all 
his fault.” 


Dr. Costen bears witness, as do many, to 
BSV’s tendency to befriend and to champion 
the underdog. 


“It was defendu to send a certain snapshot of 
myself and others to Carolyn, my wife. However, 
I did. The censor discovered it, and made a big 
case of it. Veeder interceded, had the whole thing 
pitched out, saved my neck. 

“Veeder administered the ‘Officers’ Fund,’ a 
sum collected from all the officers and reserved 
to help the men of the outfit in later years. Dr. 
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Clopton gave a large sum. For at least 40 years 
after the war, Dr. Veeder dispensed it to the boys 
for sickness, unemployment, and for funerals. He 
and Harold Jolley finally decided to spend the 
last few hundred dollars for a big dinner, inviting 
every one of the enlisted men still living. It was 
a fine affair at the University Club.” 


“ORGANIZATION MAN” 


I well recall when I came to St. Louis 
from New York in 1920 it was BSV who was 
in charge of the well-baby clinics of the city 
and who bore the brunt of the criticism of 
private practitioners that such clinics repre- 
sented “socialized medicine” and interfered 
with their rights. In time, some of those loud- 
est in opposition came to see the need for 
such clinics, especially as the immunization 
program developed for those unable to pay. 

Perhaps the most notable of BSV’s contri- 
butions to St. Louis—and they have been 
many—is his work for the St. Louis Chapter 
of the Red Cross. Mr. O'Connor of the Red 
Cross tells me that BSV has been active at 
practically every peace-time meeting of the 
Board since 1919. He was Chapter Chairman 
in 1945 and 1946 and has been on the Board 
until the present time. 

During and for three days after “St. Louis’ 
second-worst tornado” in 1927, BSV, says Dr. 
Rohlfing, “simply disappeared from his prac- 
tice and from everything else’”-—except direct- 
ing the work of Red Cross relief. It was a 
job which had to be done. 

It is probably in national pediatric organi- 
zation work that BSV’s judicial and judicious 
temperament and his statesmanship have 
been most evident. 

He has long been a member of the pioneer 


pediatric group (founded in 1888 when he 
was 5 years old), the American Pediatric So- 


ciety. Almost ipso facto he was its President 
in 1934. 

In the History of the American Academy 
of Pediatrics, by Dr. Marshall C. Pease,’ 
1951, BSV is mentioned 34 times, a number 
exceeded only by his intimate friend through- 
out the years, “Cliff” Grulee, with 48 refer- 
ences. 

The “embryology” of the Academy dates 
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back to the difficulties between the Pediatric 
Section of the A.M.A. and its ever-conserva- 
tive House of Delegates over the Sheppard- 
Towner Act in 1922. The Academy’s period 
of gestation seems to have been 9 years in- 
stead of months, for it was not born until 
1931: 

‘To create reciprocal and friendly relations 
with all professional and lay organizations in- 
terested in the health and protection of children; 

“To foster and encourage pediatric investiga- 
tion, both clinically and in the laboratory, by 


individuals and groups.”® 


Such a group and BSV were made for each 
other. As Pease succinctly puts it (p. 63 


“Almost the first act of the Executive Board 
was to set in motion the machinery which re- 
sulted in less than 3 years in the formation of the 
American Board of Pediatrics (1933 

“Dr. Veeder, through his previous connection 
with the National Board of Medical Examiners, 
brought to the American Board of Pediatrics a 
reservoir of practical experience. He had _in- 
duced the National Board in 1932 to include a 


separate examination in Pediatrics.” (p. 111.) 


BSV was Chairman of the Academy’s 
Committee on Medical Education from 1931 
to 1941. He was President from 1942 to 1943. 


In December, 1937, the Academy® “ac- 


cepted an offer of an honorarium from Mead 
Johnson & Co. for research.” A Committee 


was formed to draw up rules of operation. 
Che Chairman? BSV. 

The Journat or Peptarrics was launched 
in July, 1932,° only 2 years after the adoption 
of the Academy’s Constitution in Detroit. 


“Compliance with the request of The C. V. 
Mosby Co. in 1931 for the appointment of an 
Editor from among the pediatricians of St. Louis 
was a simple matter. Borden Veeder and 
Hugh McCulloch were inevitable selections for 


the post.” , 


They were co-editors from 1932 to 1947, 
and with a distinguished Editorial Board 
made it an important and valuable journal 
for pediatric practitioners, investigators, and 
students. BSV carried on alone as Editor un- 
til 1958, when he shared the editorship with 
Dr. Waldo E. Nelson, who has since taken 
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over, with the enthusiastic support of BSV. 

“The failure of the Academy to own its official 
organ of expression was by 1946-1947 a matter of 
growing concern.”® 

At the annual meeting in Pittsburgh in 
1947, it was BSV who offered a resolution 
to publish the Academy-owned Journal, to 
be named “Pediatrics.” The resolution passed, 
and Hugh McCulloch became Editor of the 
new Journal, with its own new Editorial 
Board. Its first issue appeared in January, 
1948. 

BSV’s articles and editorials, bearing the 
stamp of his judicial mind, cannot be listed 
here. His books are Preventive Pediatrics, 
and, with Sidney I. Schwab, The Adolescent, 
his Conflicts and Escapes. 


““EMIC,’’ CONTROVERSY, AND 
“THE ACADEMY STUDY” 


In 1943, Congress passed the Emergency 
(Wartime) Maternity and Infant Care Act, 
commonly known as EMIC. This was in re- 
sponse to a pressing need for care of expec- 
tant mothers and of infants in the families 
of servicemen in the various branches of the 
armed forces. Between 1943 and 1945, the 
Children’s Bureau, under Dr. Martha M. 
Eliot, expended $70 million, which brought 
forth a storm of criticism, plus the usual cries 
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of “socialized medicine,” “paper work,” “low 
pay,” and the like. 

A committee was appointed. Your guess is 
wrong, as was mine. BSV was not chairman, 
but Joseph Wall (President of the Academy 
from 1944 to 1945) was. BSV was of course 
a member; all shades of opinion were duly 
and democratically represented. Dr. Eliot, 
around whom much of the criticism swirled, 
was one of the Committee. Objections were 
listed, written, and heard. The result was 
much “coming round” by all concerned, with 
ultimate benefit to the children. 

In 1946 came the National Health Bill 
(Wagner-Murray-Dingell) and the “Pepper 
Bill,” providing for substantial expansion of 
existing State programs of Child Health and 
Welfare, which were opposed, to the amaze- 
ment of the conservative element, by that ad- 
mittedly honest radical, Allan Butler of 





Volume 56 Number 2 


Boston. The latter gave no less than 13 rea- 
sons for his opposition. BSV, who had come 
to be regarded as the elder statesman, joined 
him in opposition to what appeared to be 
extension of wartime emergency methods into 
peacetime. 

From the vantage of fifteen years’ retro- 
spect, Dr. Martha Eliot, who at the time had 
to take bitter criticism from many of pedi- 
atrics’ officialdom, all close associates of BSV, 
now writes the following: 

“Borden was very helpful and understanding, 
though perhaps not 100 per cent in agreement 
with the Children’s Bureau (or maybe I should 
say my) point of view when the A.A.P. Execu- 
tive Board was so upset over EMIC and the 
Pepper Bill. He showed this most thoughtfully 
when Henry Helmholz approached him first at 
the meeting of the American Pediatric Society in 
Atlantic City in 1944. . . . Henry had had the 
idea of a “Child Health Study” and I of 
course concurred most warmly. Henry went first 
to Borden Veeder, and between them the plan 
began to take shape. Borden was always most 
friendly to the Children’s Bureau because he saw 
and wanted to see what it was slowly accom- 
plishing for children. . . . 

“T was fond of him from the days when I used 
to see him occasionally in the St. Louis Chil- 
dren’s Hospital when I was Assistant Resident 
with Dr. Marriott.” 

About 1947, my own notion and that of 
so many others, that BSV was a statesman 
who could be counted on to take the en- 
lightened view, was confirmed. It was dur- 
ing the “campaign” to break down racial 
barriers in the Missouri State Medical Asso- 
ciation, the St. Louis Medical Society, and in 
the Academy of Pediatrics itself. All con- 
cerned knew that he was on the right, the 
unprejudiced, side, although he never took 
the role of agitator. Educated, scientific men 
and women being what they are, the out- 
come was of course inevitable as it was de- 
sirable. 

This quality of statesmanship is recognized 
by Dr. Pease.* In beginning the Section on 
the Academy Study of Child Health Serv- 
ices he quotes from BSV: 

“It is my sincere belief that medical care for 
the child is dependent on 2 things: first, the 
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character of the physician, second, his education. 
And it is not dependent on the method by which 
the doctor is paid.” 

The Academy Study of Child Health Serv- 
ices, begun in 1946, was the most compre- 
hensive survey of its kind ever undertaken 
and completed—by medical men and women. 
Three groups, which of course had to coop- 
erate, did so, smoothly, and creditably: the 
Academy, the United States Public Health 
Service, and the Children’s Bureau (both 
staff and Medical Advisory Committee). A 
Steering Committee of nine pediatricians was 
appointed from the Academy, the American 
Pediatric Society, and the Advisory Commit- 
tee of the Children’s Bureau. BSV was one 
of the three from the American Pediatric 
Society. 

At the local level, we who were respon- 
sible for the “Missouri Study,” leaned heav- 
ily on BSV for advice and encouragement, 
and got both. 

**‘A MAN THAT HATH FRIENDS 

MUST SHOW HIMSELF FRIENDLY” 

Proverbs 18:24 

At friendship, BSV is indeed proverbial. 

To do justice to “Letters From His Friends” 


would require more space than all of the 


foregoing. I have already quoted from three. 
With apologies to the writers for the neces- 
sarily merciless abridgment, here are excerpts 
from only 11 more: 


Dr. Clifford (“Cliff’?) Grulee: “I remember 
one incident very clearly. . . . We all engaged in 
conversation for the good of the order. It was of 
this crowd that Borden was one. . . . We decided 
to recommend Andy Aldrich for Secretary of the 
American Board of Pediatrics—an_ excellent 
choice. Later in Washington Tom Cooley 
and I ran into Borden and one or two others. 
They informed us that the group was going to 
recommend a man we all disliked. Tom and I 
immediately began to imitate Vesuvius in erup- 
tion. It was quite a while before we learned that 
it was all a hoax by Borden.” 

Dr. Lee Forrest Hill: “I have been most im- 
pressed by his tremendous capacity to make 
friends, both here and abroad.” 

Dr. Grover F. Powers: “He is known through- 
out the pediatric world, and justly held in 
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high esteem as clinician, practitioner, editor, 
teacher. . . . Even more notable generosity 
and wisdom in counseling those in need of guid- 
ance. . . . Dedicated leadership in the organiza- 
tional aspects of his profession.” 

Dr. Edwin H. Rohlfing (BSV’s associate in 
private practice for many years, thus definitely in 
a position to know): “BSV is a gentleman. I 
never saw him lose his composure—always pretty 
sure of himself, but a good listener when he was 
trying to get the other fellow’s exact position.” 

Dr. M. Hayward Post (Ophthalmologist, one 
“Much 


as I love Borden, I find it very hard to give any 


of BSV’s closest associates in St. Louis 


specific instances illustrative of his personality. 
The things I might say, such as his devotion to 
Vera and to his friends, would not help except 
as indications of his lovable character.” 

Dr. Warren R. Sisson: “He was a pupil of my 
father at Colgate, and a classmate of my brothers. 
I was the younger nuisance-brother. . . . He has 
been the most popular member of our pediatric 
group. Borden is so respected . . . because of his 
intelligence, his willingness to see all sides of a 
question.” 

Dr. Edward B. Shaw: “I think I first knew 
him when the Board of Pediatrics was organ- 
ized. . . . It was decided that most of the Board 
could be flunked if they were asked the right 
questions, I quickly learned that it was a 
mistake to ask his opinion of anything unless you 
were prepared to hear it.” 

Dr. Edwards A. Park: “Borden has _ ever 
been a liberal and a_ progressive, but always 
within the limits of practicality and common 
sense. . . . He has always been actuated by the 
needs of the child, not . by advantages to the 
pediatrician. He is the Elder Statesman of 
child welfare in this country.” 

Dr. Alexis F. Hartmann: “Borden has been 
of the greatest help in the difficult job of suc- 
ceeding McKim Marriott in our department 
at Washington University. I have always looked 
forward to his dropping in to discuss an article 
for the JourNAL or anything else. He has made 
me feel that he has a warm regard for both me 
and the Department.” 

Dr. Park ]. White: “When I came to St. Louis 
from New York in 1920, a space-occupying lesion 
presumably benign, BSV made me feel more 
and more like a pediatrician; he got me jobs 
which even paid—a little; in an article which we 
wrote on congenital syphilis, he demonstrated his 


amazing ability to get more out of statistics than 
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anyone I had met. He helped me get started, 
just as he did the Academy. It was his advice 
(and Alexis Hartmann’s) I asked when I began 
considering retirement from private practice.” 


Testimonials? These are but a very small 
sample! 

So we must agree, for once, with Macbeth, 
when he says that honor, love, troops 
of friends should accompany old age. “Old 
age” is at least debatable as applied to BSV. 
With honor, love, and friends he is bounti- 
fully supplied. And he deserves it. 





Vera Angert Veeder died this morning, 
Sept. 23, 1959, her sudden and merciful 
death bringing to a close a long period of suf- 
fering, bravely and even cheerfully borne by 
both herself and her devoted husband. This 
evening I spent a half hour with BSV, be- 


fore tomorrow’s rush of friends and relatives. 
I can describe it only as—to me—an inspira- 
tion. As I left, I thought again of Thomas 
Moore’s line, ““Thou more than soldier.” 


My thanks are due Mrs. Veeder for her 
help. Plutarch was wrong when (via Cato) he 
repented trusting a secret to a woman. He did 
not know Vera Veeder who helped me compile 
data on BSV during her last illness and never 
disclosed to him her knowledge of this Fest- 
SCHRIFT. 

Also to Drs. Philip A. Shaffer and Alexis F. 
Hartmann go my thanks for their help. 


PARK J]. WHITE, M.D. 
ST. LOUIS, MO. 


REFERENCES 


Robinson, G. Canby: Adventures in Medical 
Education, Cambridge, Mass., 1957, Harvard 
University Press. 

Calendar of U. S. Army Base Hospital Unit 
No. 21, kindly furnished by Mr. Justin J. Jack- 
son of St. Ann, Mo., through Dr. Wm. H. 
Olmsted of St. Louis, in World War I a First 
Lieutenant With Unit 21. 

Stimson, Julia: Finding Themselves, New York, 
1918, The Macmillan Co. Mr. Jackson and Dr. 
Olmsted loaned me this book also. 

Activities, Base Hospital 21, France, May, 
1917—April, 1919, p. 24. Also obtained from 
Mr. Jackson and Dr. Olmsted. 

Pease, Marshall C.: History of the American 
Academy of Pediatrics, 1951, American Acad- 
emy of Pediatrics. 





Volume 56 Number 2 


The Journal of PEDIATRICS 147 





An acknowledgment 


T HE Editor of the JouRNAL takes advantage 
of this traditionally accepted device to ac- 
knowledge his sense of personal indebtedness 
to Borden Veeder. 

In the spring of 1929, the American Pedi- 
atric Society went west—to St. Louis. Two 
callow youths, Henry Poncher and I, barely 
out of our residencies, accompanied our re- 
spective chiefs, Hess and Mitchell, to our 
“first meeting.” It was a great experience for 
each of us and marked the beginning of a 
lifelong friendship between us. Names be- 
came people, such as Abt, Gamble, and 
Schick who did much to dispel any fear of 
awesomeness which we might have had. It 
was Veeder who saw that we had especially 
good seats in the session held in the small 
amphitheater of the Children’s Hospital. This 
too marked the beginning of personal friend- 
ships. 

In the years that followed we had a variety 
of opportunities to see and appreciate the 
vision, integrity, and forthrightness of this 
man. I remember especially his “behind the 
scenes” efforts at the wartime meeting of the 
Academy in Chicago when the Academy and 
the Children’s Bureau clashed over the poli- 
cies of EMIC. He, perhaps as much as any 
one, was responsible for the peaceful settle- 
ment. 

It was at the meeting of the Academy in 
Dallas in 1947 that he invited Poncher and 


me to join the Editorial Board of the Jour- 
NAL. The Academy had severed its relation- 
ship with The Mosby Company, and Pedi- 
atrics was to become its official journal in 
January, 1948. The JourRNAL was to contin- 
ue as an independent publication, with no 
responsibility to any organization or to any 
group and with sole responsibility for policies 
to be vested in the Editorial Board. Poncher 
and I were somewhat skeptical that there was 
sufficient material for another pediatric jour- 
nal at that time. Veeder, however, was con- 
fident that there was. He stressed the oppor- 
tunity available to an independent board to 
formulate its own goals and policies. It was 
this aspect and his concept that the JouRNAL 
as a forum for the “physician who cares for 
children” could continue to do much to im- 
prove the practice of pediatrics which in- 
duced us to join him in this “new venture.” 

For the Board and for myself it is sufficient 
to say here that Veeder has been the leader 
and strength of the JourNAL. No one has in 
even slight degree approximated his contribu- 
tion. Although his title is now that of Emeri- 
tus Editor, he is in every sense one of us and 
his vision and guidance will continue to be 
available. Most of all, we count on the pleas- 
ure of his genial companionship and _ his 
friendship at scheduled and nonscheduled 
meetings. 


WALDO E. NELSON 
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Pediatric practice 


Some re ‘flections on the past and present 


Kenneth H. Tallerman, M.C., M.A., M.D., F.R.C.P.* 


LONDON, ENGLAND 


T mE passage of time inevitably brings with 
it changes which may be far-reaching, are 
often beneficial, and are always worth con- 
sidering in order to keep a proper sense of 
perspective. In medicine, progress has been 
so rapid since World War I that it is worth 
while to pause now and think about our 
own speciality, pediatrics, where changes 
in attitude of mind as well as in methods 
and results of treatment have been very 
great. 

It was in the winter of 1923, more than 
a third of a century ago, that I first arrived 
in St. Louis to work in the Department of 
Pediatrics at the Children’s Hospital, under 
the direction of Professor W. McKim Mar- 
riott—what a privilege ‘and pleasure that 
was! He has left us long since, to be suc- 
ceeded by one who was then his senior resi- 
dent. Sam Clausen, Philip C. Jeans, J. V. 
Cooke, whole-time workers then in that 
department, have all passed away, the first 
two having occupied University Chairs of 
Pediatrics. Borden S. Veeder, who was a 
member of the team, and whom we are 
now delighted to honor, was at this time 
approaching the height of his powers. Pedi- 
atrics was fully and firmly established as a 
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speciality in the United States, and all these 
men were in the first rank. 

In England the formation of departments 
of pediatrics was then only in its infancy, 
and as these departments grew in number 
and importance the first noticeable change 
to occur was a shift from emphasis on dis- 
ease in childhood to the insistence on child 
health. At the present time in this country 
the holders of professorial chairs in this sub- 
ject are designated Professors of Child 
Health, and it would be true to say that 
in the last quarter of a century pediatrics 
throughout the world has developed from 
the study and care of sick children into one 
of the most important branches of preven- 
tive medicine. 

The amazing fall in morbidity and mor- 
tality due to the acute specific fevers of 
childhood and to malnutrition may first be 
mentioned. Whereas in 1936 the number 
of cases of diphtheria in England and Wales 
was 57,729 and scarlet fever 104,698, the 
corresponding figures for 1956, 20 years 
later, were 53 and 33,103. The number of 
deaths resulting from diphtheria in 1936 
was 3,081, while in 1956 it was only 8. With 
whooping cough also there has been a sig- 
nificant drop in mortality. The lessening in 
scarlet fever may well be associated with 
a decreased incidence of certain strepto- 
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coccal infections—the lowered incidence of 
acute juvenile rheumatism since the turn 
of the century is, of course, well recognized 

but there is no shadow of doubt that 
so far as diphtheria and whooping cough 
are concerned, protective inoculation has 
been the dominant factor. In regard to 
diphtheria, the fall in incidence and mor- 
tality occurred much earlier in the United 
States than in the British Isles, owing to 
this protective inoculation being adopted 
on a large scale some years earlier there 
than here; today its incidence is almost neg- 
ligible. Now, of course, inoculation with 
B.C.G. vaccine against tuberculosis and pro- 
tective inoculation against acute anterior 
poliomyelitis are having a profound effect 
on these two diseases. 

In regard to nutrition, the rising stand- 
ard of living associated here with the Wel- 
fare State, together with propaganda aimed 
at educating the public, has resulted in the 
virtual disappearance of severe malnutri- 
tion, except when it is linked with some or- 
ganic disease. I well remember Marriott’s 
saying that it is striking how well an infant 
will progress if you give him something to 
eat! He was inveighing against the undue 
dilution of milk mixtures which was then 
in vogue. But apart from ignorance of the 
principles of infant feeding which are now 
generally accepted, it must be remembered 
that in the 1920's it was sometimes almost 


impossible, owing to poverty, for a mother 


to give her child enough to eat; happily, 
things have now changed greatly in this 
respect for the better. In the feeding of 
young infants one of the most striking 
changes has been in the alteration of milk 
mixtures from the dilute feeds of earlier 
days to the more concentrated feeds now 
favored, together with the early introduc- 
tion of mixed feeding. It has long been ad- 
vocated that cereals should be added to the 
diet before the sixth month of age and 
that mixed feeding should not be unduly 
delayed, but it does seem questionable 
whether there is any real advantage in giv- 
ing cereals and other solid foodstuffs to an 
infant before he is 3% months old. There 
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is no doubt that it is possible to feed a baby 
like this and get away with it; whether it 
is really advantageous is quite another mat- 
ter. In the same way the practice of allow- 
ing a baby to take all he wants without any 
attempt to regulate his caloric intake, al- 
though now fashionable, shows a marked 
swing from what used to be thought de- 
sirable, and its advisability is, I believe, open 
to question. Bigger babies are not neces- 
sarily healthier babies, and despite what is 
now so often said, I personally believe that 
the overfeeding of babies can and some- 
times does occur. Forbes' has recently com- 
mented on this in the same sense, and what 
he has said should be carefully considered. 
In this connection it is worth while men- 
tioning that in animal experiments it has 
been shown that overfeeding during the 
period of growth and development certainly 
shortens this period so that adult size is 
reached earlier, but the individual life span 
is actually shortened. 

Rickets and scurvy have become so rare, 
owing to our knowledge of their etiology 
and to the measures taken to prevent them, 
that medical students nowadays hardly ever 
have the opportunity of seeing them. On 
this point there is no question of argument: 
the general improvement within recent years 
in the nutrition of infants and young chil- 
dren throughout the Western World is well 
established. Fuller knowledge of metabolic 
disorders, thanks to help from our bio- 
chemical colleagues and advances in meth- 
ods of diagnosis, such as paper chromatog- 
raphy, have now enabled us to recognize 
conditions, such as galactosemia, hypercal- 
cemia, and metabolic disturbances associ- 
ated with aminoaciduria, which previously 
were passed over and remained undetected, 
and these now claim our attention. Further- 
more, certain well-defined illnesses such as 
fibrocystic disease of the pancreas and car- 
diac fibroelastosis, about which we knew 
nothing some 20 years ago, are now ac- 
cepted entities with which we are familiar. 
Respiratory infections are still as common 
as ever, but owing to the measures we have 
available to combat them their course is 
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not what it used to be, and nowadays 
empyema as a complication of pneumonia 
is seldom encountered. Congenital syphilis 
is far less often met with than it was, be- 
cause of the care and treatment of women 
during pregnancy, and this reflects another 
most important advance in preventive medi- 
cine. When syphilis does occur how differ- 
ent is its treatment now from what it was 
some years ago! The recollection of those 
clinics in which young children were sub- 
jected to intravenous injections weekly for 
long periods remains only as a nightmare. 
Acute infantile gastroenteritis is rarely seen 
now, and its mortality has fallen considera- 
bly. During the International Paediatric 
Congress held in London 25 years ago I 
read a communication on this subject, and 
reported a mortality rate of 75 per cent of 
all cases except those so mild that they had 
called for no parenteral fluid therapy; such 
an experience was not exceptional at that 
time. As one recalls the blood transfusions 
and mastoid antrotomies carried out in days 
gone by in the treatment of infants suffer- 
ing from this disease, one is impressed by 
the totally different picture today. 

Another striking change is attributable 
to the advances in surgery, and particular 
in thoracic surgery. Many young children 
who previously would have been doomed 
to physical deterioration and finally death 
at a relatively early age, because of a con- 
genital cardiac abnormality, are now able 
to lead active lives and remain in good 
health, for approximately one-third of all 
the cases of congenital morbus cordis now 
met with are amenable to surgical treat- 
ment. 

Although the picture appears bright when 
one considers the improvement in the nu- 
trition of infants and children, the decreased 
morbidity and mortality in the acute spe- 
cific fevers and tuberculosis, and the re- 
duction in severity of acute respiratory dis- 
ease, there is another side of the picture to 
which our attention must turn. I refer to 
disorders falling into the category of what 


has been designated iatrogenic disease, that 


is to say, a disease caused, though unwit- 
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tingly, by physicians themselves. Retrolental 
fibroplasia, resulting from oxygen therapy 
in the case of premature infants, is an out- 
standing example of this, though there are 
others, such as hypercalcemia due to the 
daily ingestion of unnecessarily big doses 
of vitamin D and kernicterus resulting from 
the use of vitamin K in unduly large 
amounts. Quite clearly it is not always pos- 
sible to avoid such disasters in an age when 
rapid advances are being made, for the po- 
tential dangers of a drug or a special form 
of treatment may not be fully realized when 
it is first introduced. However, are we as 
critical as we should be, and do we not 
sometimes submit to undue pressure from 
parents, who expect something active to be 
done at a time when a detached and con- 
servative approach would perhaps be wiser? 
Is it necessarily to the patient’s advantage 
for him to be given antibiotics before any 
diagnosis is made simply because there is 
pyrexia, although he is really not seriously 
ill or toxic? Are our efforts to arrive at an 
accurate diagnosis not actually hindered 
sometimes by such action, and may not the 
patient suffer on just that account? As well 
as the pressure from parents, the bombard- 
ment to which doctors are now continually 
subjected from other sources is not always 
easy to withstand. This pressure, which has 
been gradually increasing in recent years, 
is creating a real and new danger. The lay 
press, the radio, and television all exert a 
powerful influence, and they materially af- 
fect pediatrics as well as other forms of 
medical practice. 

In attacking a disease one is largely de- 
pendent upon drugs, and what we at pres- 
ent have to face is well expressed in a 
recent paper by Franklin,? who wrote: 
“Now that he [the doctor] has exchanged 
his catapult for a guided missile, he has in- 
creased his power for worse as well as for 
good. His therapeutic agnosticism of the 
turn of the century has given place to a 
sort of pantheism. He is enjoying a glorious 
therapeutic spree, and in the whirl of new 
drugs and refinements of old drugs he has 
more and more to rely on the data issued 





Volume 56 Number 2 


by the chemical industry, in which the pro- 
fession places an immense though not un- 
questioning faith.” A social spree is all very 
well, but when it comes to therapeutics it 
is surely an entirely different matter. The 
uncritical use of antibiotics has resulted in 
the resistance to these of many organisms, 
and in consequence difficulties in the con- 
trol of certain strains which appear in hos- 
pital practice have become obvious to us 
all and have created a situation fraught 
with danger. 

Again, the increase in the use of blood 
transfusions during the past 30 odd years 
has surely contributed to an increase in 
sensitization, which in turn has resulted 
in an increased incidence of hemolytic dis- 
ease of the newborn infant. Now the rise 
in the incidence of leukemia in children is 
being considered as possibly associated with 
the use of radiology in antenatal pelvim- 
etry. Our heightened ability to benefit our 
patients by various means has brought in 
its turn problems and dangers which cer- 
tainly must be taken very seriously into 
account. 

The pattern of disease itself in childhood 
has changed over the past few decades; 
there has been a decline in the morbidity 
and in the mortality resulting from some 
of the acute specific fevers of childhood and 
from respiratory diseases, and tuberculosis, 
especially tuberculous meningitis, and acute 
juvenile rheumatism no longer present so 
grave a problem as in the past. On the 
other hand, asthma is more frequently met 
with, and the change in age incidence of 
acute anterior poliomyelitis is remarkable, 
the use of the term “infantile paralysis” be- 
ing now quite inappropriate. 

In this country, at any rate, the number 
of deaths among infants in the first 7 days 
of life is at the present time as great as the 
total of deaths occurring during the next 
7 years; on this account the pediatrician’s 
attention is becoming increasingly centered 
on perinatal pediatrics. It is quite clear that 
the mortality in childhood will from now 
onward show a significant fall only if the 
neonatal death rate is reduced, and it is 
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here that the pediatrician has such an im- 
portant part to play. Cooperation with our 
obstetric colleagues is of course vital, but 
one sometimes gets the impression that they 
are apt to regard an infant rather as a by- 
product of obstetric practice, and it is cer- 
tainly for us to take the leading part in this 
matter. After all, it is recognized nowadays 
that the pediatrician is primarily responsible 
for the care and management of the infant 
from the moment of its birth, and he should 
be thinking about it even before then. 
Today the stresses, strains, and quickened 
tempo of modern life have helped to in- 
crease emotional and behavior problems, 
in consequence of which greater attention 
has necessarily been devoted to child psy- 
chiatry, and more and more children are 
being referred directly to a psychiatrist. 
Certainly child psychiatry must be taken 
into account, but one cannot help feeling 
that perhaps undue prominence is apt to be 
given to the role of the psychiatrist. Hector 
C. Cameron was among the first to insist 
on the importance of the _pediatrician’s 
work in dealing with children who show 
emotional upsets and behavior disorders; 
his well-known book The Nervous Child is 
outstandingly good, and still merits atten- 
tion. Joseph Brennemann’s* paper on “Pedi- 
atric Psychology and the Child Guidance 
Movement” published some 25 years ago, 
which created something of a stir at that 
time, is well worth reading once again: 
he was under no delusion about the place of 
psychiatry within the sphere of pediatrics, 
and he expressed his fears of overemphasiz- 
ing psychological disturbances in childhood, 
and insisted that they must be viewed in 
proper perspective. It is surely right and 
proper that children should in the first in- 
stance be referred to a pediatrician, for 
only those requiring specialized treatment 
are really in need of a psychiatrist. The 
pediatrician by the very nature of his call- 
ing is the appropriate person to handle the 
everyday simple psychological difficulties of 
a child. Of course we appreciate all that 
has been done in the sphere of child guid- 
ance, and we recognize the value of the 
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team which includes a psychiatrist, educa- 
tional psychologist, and psychiatric social 
worker, but much of the good they do is by 
virtue of the parental guidance involved. 
This too, however, is a matter of concern 
to any pediatrician and always has been 
part of his day-to-day work. 

With the improvement in standards of 
living and social conditions, educational 
propaganda resulting from child health 
services, and the use of prophylactic inocu- 
lations and the sulfonamide and antibiotic 
drugs, it is small wonder that the incidence 
of serious organic disease in childhood is 
fast diminishing, and it is likely to go on 
doing so. Ideally, of course, the aim and 
achievement of first-class medical services 
should be relatively empty hospitals. That 
to an extent is already coming about, and 
the decreasing need for hospital beds for 
children in England was commented upon 
recently by Gairdner.* 

A further important change is manifested 
in our general outlook on the welfare of 
children in hospital. A report on this subject 
by a committee appointed by the Central 
Health Services Council of the Ministry of 
Health has recently been published.’ It re- 
flects the totally different attitude now 
adopted in our whole approach to the 
matter of the admission of a child to the 
hospital and of his care and handling while 
there. The importance of a child’s being 
visited while in the hospital is stressed, and 
the factors likely to cause psychological 
trauma are considered and ways suggested 
of minimizing it, to the advantage of the 
child and also of his parents. With all this 
the British Paediatric Association has been 
actively concerned. 

The inroads made into the sphere of 
general pediatric practice by the psychiatrist 
have already been mentioned, and one has 
also to remember the increasing number of 
other specialists who have grown up within 
our own speciality. In days gone by the 
pediatrician dealt with the child as a whole; 
now, because of increasing special knowl- 
edge and techniques, a series of specialists, 


pediatric cardiologists, neurologists, endocri- 
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nologists, and so on, have emerged. This 
may have advantages, but it also has its 
disadvantages and dangers. I feel sure that 
it is a development that needs watching 
carefully. 

This proliferation of specialities within 
the field of pediatrics itself creates a prob- 
lem for the hospital consultant and teacher 
in university medical schools who is re- 
sponsible for the education of medical un- 
dergraduates. In the training of students 
a sense of perspective is surely essential, for 
a breadth of outlook and the consideration 
and recognition of common disorders, rather 
than a too detailed study of rare diseases, is 
of first importance in their education. The 
pediatrician is essentially a general phy- 
sician practicing within a particular age 
group, and perhaps he is the only true 
general physician still in existence, for he 
sees more “general” medical cases than most 
of his colleagues dealing with adults, who 
tend still more to specialize in a particular 
type of disease. He, therefore, has an im- 
portant contribution to make in the sphere 
of medical education, being in a position 
to teach medical students a great deal of 
general medicine and to stimulate their in- 
terest by comparing and contrasting the 
different manifestations of human disease 
at different ages. The position occupied by 
the pediatrician in a medical school and his 
role in medical education is in some ways 
unique, and is therefore of particular im- 
portance in these times of change and rapid 
advance. In a recent paper I have already 
laid emphasis on this.® 

Finally, there is one aspect of our work 
which calls for comment, since it creates a 
comparatively new problem. I refer to the 
position in which we find ourselves in regard 
to mentally defective children suffering, for 
example, from Mongolism or a_ primary 
amentia, some with added physical disabili- 
ties such as a cardiac defect or spasticity, 
who then become afflicted with a severe 
infection such as bronchopneumonia. Before 
the days of antibiotics and oxygen tents 
these unfortunate patients were likely to 
succumb to an intercurrent infection. Now, 
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with the various therapeutic measures at 
our command, this is far less likely to oc- 
cur. If one holds the view that a doctor’s 
duty is not simply to save life but to act 
in the best interests of his patient, one 
cannot help feeling that it would be wise in 
such cases to allow nature to take its 
course, for it is hard to believe that the life 
of such a child brings him or his immediate 
family any benefit or happiness. This is a 
problem that must be solved by each doctor 
according to what he holds to be right, and 
always, of course, after careful consideration 
of what he knows of the feelings of the 
parents and of the particular circumstances 
of the individual patient. We cannot, how- 
ever, escape from this problem, and it is 
therefore one upon which we must reflect; 
those of us who are responsible for teaching 
students should discuss it thoughtfully with 
them. 

Within the last 18 months the corre- 
spondence columns of this JouRNAL have 
been a little agitated by a discussion about 
the satisfaction to be derived from and the 
scope offered in the practice of pediatrics. 
If a man’s interest is primarily in the study 
of rare diseases or in the pursuit of advances 
of a scientific kind, quite clearly he would 
be wise to devote his attention to a subject 
such as pathology, biochemistry, or applied 
physiology. If, however, he has a wide and 
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humane interest in medicine and in good 
doctoring in the broadest sense, that is, in 


the pursuit of the care, welfare, and happi- 


ness of his patient, then surely no field offers 
more than does pediatrics. The charm of 
one’s patients, their youthfulness which in 
itself is an aid to recovery, since they are 
going up rather than down the hill, the 
advances made in the past few decades 
which enable one to do so much more to 
help them than of old—all these things, 
together with the gratitude of their parents, 
make our speciality a rich and rewarding 
one. Perhaps the one thing that has not 
changed in the field of medicine during the 
past 40 years is the satisfaction to be derived 
from the practice of pediatrics and from 
all that goes with it. 
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Tue contribution of the kidney to the 
maintenance of body water balance through 
the production of urine of varied concen- 
trations of solute and of varied rates of 
flow has been recognized for at least 300 
years. It is less than 50 years, however, since 
the autidiuretic action of posterior pituitary 
extracts was first noted. Within the past 
decade remarkable progress has been made 
toward greater understanding of the basic 
mechanisms involved in the processes of 
dilution and concentration of the urine and 
of the action of antidiuretic hormone. This 
newly acquired insight into renal physiology 
has provided a stimulus for re-evaluating 
the concentrating and diluting mechanisms 


of the young infant. 
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CONCENTRATING AND 
DILUTING MECHANISMS 


As an introduction, a brief review of 
current theories of renal diluting and con- 
centrating mechanisms and of the role of 
antidiuretic hormone (ADH) will be pre- 
sented. These subjects have been discussed 
recently in great detail by Thorn,’ Berliner 
and associates,? Smith,* and Lamdin.* 

As indicated by Berliner and coauthors,’ 
production of urine from the most dilute 
to the most concentrated requires only two 
basic tubular mechanisms: active sodium 
(chloride) transport in the loop of Henle 
and variable membrane permeability under 
the influence of ADH. Fig. 1 demonstrates 
how these functions are arranged along the 
course of the nephron, as diagrammed by 
Gottschalk and Mylle® and modified by 
Smith. The glomerular filtrate, as_ it 
traverses the proximal tubule, has been 
shown in micropuncture studies of Walker 
and co-workers,® Wirz,’ and Gottschalk and 
Mylle® to remain isosmotic with plasma as 
sodium is actively removed and water 
passively follows. Active sodium transport 
continues in the loop of Henle which must 
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be in part impermeable to water since, al- 
though the fluid at the turn of the loop has 
been demonstrated recently by Gottschalk 
and Mylle® to be very hyperosmotic, the 
fluid delivered to the first part of the distal 
tubule is dilute, as shown by Wirz,’ indi- 
cating net hyperosmotic sodiurn reabsorp- 
tion. 

The solute concentration of the renal 
papilla has been found to increase along a 
gradient from cortex to medulla? as dem- 
onstrated by measurement of chloride,*™ 
sodium,'®""* urea, albumin,’* ** and 
other solutes.** Thus, in man the osmolal 
concentration of the tip may reach well 
over 1,200 milliosmols per kilogram of tissue 


10, 12 


water.” 5 

The mechanism postulated to provide 
this gradient, as originally suggested by 
Hargitay and Kuhn’® and applied more 
fully by Wirz, Hargitay, and Kuhn,"" is 
thought to lie in the loop of Henle. The 
loop functions as a countercurrent multi- 
plier and thereby effectively transports so- 
dium from the tubular lumen and deposits 
it in the interstitial space at high con- 
centration.* Thus, the considerably hyper- 
tonic area of renal medullary tissue that 
has been observed may be produced and 
maintained without the necessity of pump- 
ing sodium across a gradient of more than 
200 mOsm per kilogram.’ 

That the solute concentration is not re- 
duced by the high blood flow of this re- 
gion is believed to be due to the anatomic 
arrangement of the blood supply. The post- 
glomerular capillaries dive deeply into the 
medulla and by paralleling their descending 
limbs on returning to the cortex function as 
countercurrent exchangers.” * '° 

Up to the beginning of the distal tubule, 
the handling of the tubular fluid is assumed 
to be at least qualitatively the same in both 
water diuresis and antidiuresis.?, During 
water diuresis, the distal and collecting tu- 
bules are believed to have a low perme- 
ability to water due to the absence of ADH 


*The principle of the countercurrent multiplier has 
been applied to many other biologic systems and is dis- 
cussed by Scholander.™ 
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Fig. 1. The loop of Henle as a countercurrent 
osmotic multiplier, as conceived by Gottschalk 
and Mylle5 and modified by Smith.’ Sites for 
which data on the osmotic pressure of the tubu- 
lar urine are now available: A, proximal con- 
voluted tubule (cortex); B, tip of loop of Henle 
in papilla; C, distal convoluted tubule near mac- 
ula densa, and D, near entry to collecting duct; 
E, papillary urine; F, blood in the capillaries near 
tip of papilla. O.S., outer stripe; J.S., inner 
stripe of the outer zone of the medulla. The fig- 
ures are nominal estimates of osmotic pressure 
(in mOsm per kilogram of water) given by Gott- 
schalk and Mylle.5 


activity. During antidiuresis, with maximal 
ADH effect, the tubules are freely perme- 
able to water so that the hypotonic fluid 
entering the distal tubule can equilibrate 
with the interstitial fluid by outward dif- 
fusion of water, isotonicity being achieved 
by the midpoint of the distal tubule.’ As the 
fluid passes along the distal tubule, additional 
water leaves as it passively follows the con- 
tinued active removal of sodium. Although 
the fluid may again become concentrated in 
this segment to the extent of becoming 
isosmotic with plasma, it cannot become 
hyperosmotic, since the increase in concen- 
tration is due to equilibration of tubular 
water with isosmotic interstitial fluid. How- 
ever, as it traverses the collecting tubule, 
which lies in the region of high interstitial 
solute content described previously, further 
water diffuses outward, resulting in the pro- 
duction of urine hyperosmotic to plasma. 
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The course during water diuresis is sim- 
pler. Little water leaves the distal and col- 


lecting tubules since they are relatively im- 


permeable to water in the absence of ADH. 


Thus, as sodium is removed from the distal 
tubule, the urine becomes progressively 
more dilute. Recent work of Longley and 
associates*” suggests that additional sodium 
may be removed in the collecting tubule as 
well, causing even further dilution. 

Several authors, including Wirz,* Lam- 
din,* and Gottschalk and Mylle,® have sug- 
gested a direct action of ADH on the func- 
tion of the countercurrent multiplier sys- 
tem by enhancing sodium transport in the 
ascending limb of Henle’s loop, increasing 
water permeability of the same segment or 
decreasing medullary blood flow. At present 
there is no experimental evidence in sup- 
port of these points; thus, the basic scheme 
outlined need not be altered in any major 


way. 


WATER DIURESIS AND 
DILUTION OF THE 
URINE IN YOUNG INFANTS 


Earlier investigations**-** suggested that 
after water ingestion young infants were 
unable cither to dilute the urine or to in- 
crease the rate of urine flow as efficiently 
as the adult. In a review of renal physiology 
in 1946, McCance*® quoted the work of the 
early 1920's concerning the excretion of wa- 
ter by young infants, but was unable to 
add any further advance over the next 
quarter century. However, work had been 
progressing in the young of other species. 
In a study of the postnatal development of 
water diuresis in puppies, Adolph** showed 
that following administration by stomach 
tube of water equal to 5 per cent of the 
body weight, adult dogs excreted one half 
of the load in about 90 minutes, whereas 
pups needed 3 to 5 hours to get rid of the 
same fraction. He noted that during the 
second or third week of life, the ability to 
respond to water loading with a prompt 
diuresis was acquired rather suddenly. Sim- 
ilarly, both Heller** and McCance and 
Wilkinson** found an absent response to 
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Fig. 2. Renal response, as measured by inulin 
U/P ratios, of a premature infant to water depri- 
vation, to water administration, and to Pitressin 
infusion.*4 


water administration in newborn rats, with 
a gradually increasing response reaching 
adult rates of flow at 4 weeks after birth. 
It is interesting that in a later study in 
guinea pigs, a species much more mature 
at birth, Dicker and Heller®?® showed that 
water diuresis could be elicited immediately 
after birth, although administered water 
was still excreted at considerably lower 
rates than by adults. Thus the statement 
was made repeatedly by reviewers**** that 
the young infant could neither dilute his 
urine nor increase the rate of urine flow 
as rapidly or as efficiently as the adult. 
The first observations to the contrary 
were reported by Barnett and his associ- 
ates** in premature infants. The initial in- 
vestigation, in a 6-day-old, 2,200 gram in- 
fant, was carried out after the infant was 
deprived of water for 16 hours. As shown in 
Fig. 2, inulin urine-plasma (U/P) ratios 
were found to fall from over 200 to 10 fol- 
lowing administration of 70 ml. of water by 
mouth, indicating a marked increase in the 
per cent of glomerular filtrate excreted in 
response to the water load. However, the 
infant was receiving isotonic sodium chlo- 
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ride intravenously at a slow rate, which may 
have contributed to the diuresis. Similarly, 
in other studies by Barnett and co-work- 
inulin U/P ratios as low as 3.9 were 
with high 


ers,*° 
observed in infants 


rates of urine flow. Diuresis was produced 


premature 


saline infusions, however, 
definitive 


by mannitol or 


and not by water. In a more 


study, Barnett and co-workers*® 
the concentration 


measured 
rates of urine flow and 
of urinary solutes in 5 
one 18-month-old infant, and 2 adults who 


premature infants, 


were given water loads of 4, 3, and 2 per 
cent of body weight, respectively. These 
doses were equivalent per square meter of 
surface area to 507 to 530 ml. in the pre- 
infants, 640 in the 18-month-old 
child, and 639 and 734 adults. 
As shown in Fig. 3, no difference was ob- 
served in the rapidity with which or the ex- 
tent to which the urine became diluted. The 
lowest value for urine solute concentration 


mature 


in the 


in the 5 premature infants ranged from 40 


to 63 mOsm per liter compared with 
values of 65 and 48 in the 2 adults and of 
48 and 39 in two observations in the 18- 


month-old infant. On the basis of surface 


WATER BY MOUTH 
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area, however, the maximal rate of urine 


flow in the infants, as 


shown in Fig. 4, was only about one half 


young premature 
as great as that in the older premature in- 
fant and in the adults. In addition, meas- 
urements of filtration rate 
GFR) by 
ances showed that the infants excreted a 


glomerular 
endogenous creatinine clear- 
larger fraction of their filtered water. Con- 
the 
the urine discussed previously, it seems rea- 
that the 
flow or the rapidity with which a water 


sidering mechanisms for dilution of 


sonable maximal rate of urine 
load is excreted is not a valid basis on which 
to compare the performance of infants and 
adults since several extrarenal as well as 
renal factors other than the diluting mech- 
anism per se come into play. Rather, the 
most physiologic comparison would seem 
to be the amount of water which can be ex- 
creted per unit of solute, or, in other words, 
the minimal achievable urine osmolality. 
The per cent of filtered water that is ex- 
creted also may not provide a true com- 
parison since the volume of dilute urine 
which can be produced will depend on the 


rate at which solute is delivered to the dis- 
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Fig. 3. Effect of water ingestion on concentration of osmotically active urinary solutes (U,).°° 
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Fig. 4. Effect of water ingestion on rate of urine flow (V).°* 


tal tubule. Proximal reabsorption of in- 


creased amounts of isotonic fluid or a de- 
in GFR 


amount of urine that can be produced, with 


crease will decrease the maximal 


no change in the diluting mechanism per 
In 


associates,*® 


seo? the observations of Barnett and 
the rate of solute excretion in 
the premature infants was about one-half 
that of that 


filtration rates also approximately half that 


the adults, indicating with 
of the adults and with final urine concen- 
trations the same, the distal handling of 
solute and water in the diluting site was 
Obviously. 


water rapidly following loading is an im- 


similar. the ability to excrete 
portant function, but the limited response 
shown by the infant in terms of the length 
of time needed to excrete a water load is 
not primarily a function of the diluting 
mechanism and should not be confused with 
it 

The observations of Barnett and co-work- 
ers were confirmed by McCance, Naylor, 
Rubin, 


and Weintraub,*° the former loading in- 


and Widdowson*®® and Calcagno, 


fants and adults with an amount of water 
equal to 5 per cent of the body weight and 
the latter with an amount equal to 525 ml. 
per square meter of surface area. As seen 
Fig. 5, McCance and his 
compared the infant and adult responses 
on the basis of body water content and ar- 


in associates*® 


rived at the conclusion that the maximal 
rate of flow of the infant exceeds that of 
the adult. Serious question can be raised 
as to the validity of this standard of com- 
parison. As shown in Fig. 6, the diuresis in 
the adult continued for 4 hours, by which 
time the entire water load had been ex- 
creted. In the infants, however, the diuresis 
declined after 2 hours, and after 4 hours the 
infants had excreted only about 57 per cent 
of the volume of water which had been ad- 
ministered. 

Since the inhibition of the release of ADH 
presumably is related to dilution of the 
extracellular fluid and 
plasma volume correlate better with weight 


blood, and _ since 
than with surface area, it seems reasonable 


to base comparable water loads for individ- 
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Fig. 5. The rate of excretion of water after the 
administration of a dose equivalent to 6 per cent 
of the weight of water in the body.®® 


uals of different size on body weight. How- 
ever, this does not obviate the problem of de- 
termining the most physiologic basis on 
which to compare the diuretic responses 
of infants and adult subjects. There actually 
may be no valid basis for comparison. 
Nevertheless, it is more important to under- 
stand fully the function of the infant kidney 
and the appropriateness of its response than 
to compare it with the performance of the 
mature organ. 

In order to define in more detail the fac- 
tors limiting the excretion of water in young 
full-term and premature infants, observa- 
tions on the development of responses to 
water loading were made by Ames* in in- 
fants from birth through the third post- 
natal month. Unfortunately, estimation of 
urine solute concentration was made by de- 
termination of specific gravity, all deter- 
minations falling in the low range (1.002- 
1.010) where correlation with osmolality is 
known to be poor.*? 

Major emphasis was placed on the rate 
of urine flow and the per cent of the water 
load excreted in a given time. A comparison 
of water excretion in different age groups 
following the intravenous administration of 
30 ml. per kilogram of 2.5 per cent glucose 
is shown in Fig. 7. In the first 24 hours of life 
less than 10 per cent of the water given was 
excreted in 3 hours. At 3 days of age about 
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the administration of water equivalent to 6 per 
cent of the weight of water in the body.°® 
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Fig. 8. Mean response of 10 infants during first month of life to 2.5 per cent glucose as 30 ml. 
per kilogram of body weight given at approximately —10 to 0 minutes. Each curve represents 
average values from 10 infants who were studied repeatedly over 30 day period. Birth weights 
were between 1.9 and 2.6 kilograms. Curve for 60 days drawn from data obtained from 10 


similar infants. 


Absolute values for inulin clearances." 


35 per cent and at 7 days 50 per cent or 
more of the water given was excreted in 3 
hours. Mean responses of 10 infants given 
30 ml. per kilogram of 2.5 per cent glucose 
during the first month of life are shown 
in Fig. 8. In infants under 3 days of age 
the rate of urine flow increased slightly and 
remained a little higher than the control 
level throughout the observation. After one 
week of age a diuresis of varying degree 
occurred at some time during the 3 hours. 
The infants were studied approximately one 
hour after a feeding and were in a state 
of euhydration or appeared clinically to be 
in the overhydrated state commonly found 
in infants in the first day of life. GFR was 
estimated from the inulin clearance. AIl- 
though the actual data are not given, there 
appears to be a direct correlation between 
the magnitude of the water diuresis and the 
rate of glomerular filtration, adding further 


support to the hypothesis that the lesser 


rate at which water can be excreted by the 
young infant is determined by the low filtra- 
tion rate of the newborn period. 


ANTIDIURESIS AND 
CONCENTRATION OF THE 
URINE IN YOUNG INFANTS 


Numerous observations of the character- 
istics of the urine of newborn infants with 
regard to concentrating performance have 
been reported during the past 100 years. 
Early reports of the volume and _ specific 
gravity of urine, mainly in the German 
literature, were purely descriptive, attempt- 
ing to define normal values for the early 
postnatal period. Although urines were noted 
generally to be hypotonic to plasma, oc- 
casional urine of considerable concentration 
was reported, usually without comment. 

The first significant contribution was made 
just 15 years ago by Thomson,** who re- 
ported a careful study of the volume and 
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Table I. Average daily volume of urine* 





Volume Range No. 

Day (c.c.) (c.c.) of infants 
l 19.5 0- 68 35 
2 20.6 0- 82 29 
3 36.0 0- 96 26 
4 64.8 5-180 26 
5 103.3 1-217 23 
6 124.5 42-268 19 
7 146.6 40-302 18 
8 151.0 59-330 17 
9 175.4 57-355 14 
10 190.0 106-320 6 
11 179.0 120-217 3 
12 227.0 207-246 2 


*Data from Thomson. 


specific gravity of urine in a large group of 
infants who were presumably exclusively 
breast fed. Data on the volume of urines 
are shown in Table I. During the first 2 
to 3 days of life, coincident with low intake 
of milk and low rates of urine flow, the 
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urine specific gravity was noted to fall 
mainly in the hypertonic range (as high 
as 1.025). These values contrasted with 
urines generally of low specific gravity ob- 
served subsequently following the estab- 
lishment of adequate lactation and consid- 
erably greater rates of urine flow (Fig. 9). 
During the first 3 days of life these infants 
were able to respond to a limited intake 
with the production of hypertonic urine. 
In a later report,** values for specific gravity 
as high as 1.030 were observed in 2 infants 
with dehydration and fever. The urine re- 
turned to the usual hypotonic range after 
subsidence of the fever with the onset of 
adequate oral intake. 

These findings were confirmed by Heller,** 
who measured urine osmolarity and volume 
in 23 full-term infants during the first 6 
days of life (Fig. 10). During the first 2 
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Fig. 9. Urine specific gravity during the first 3 weeks of life.** 
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Fig. 10. Urinary osmotic pressures of a series of 23 newborn infants.*5 
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Fig. 11. Relation between fluid intake and urinary osmotic pressure of a series of newborn 
infants. ©) = Infants aged 8 to 48 hours; x = infants aged 49 to 135 hours.*5 











Volume 56 Number 2 


days, urine concentrations fell only rarely 
below 300 mOsm per liter. An inverse cor- 
relation was demonstrated between urine 
solute concentration and the intake per 24 
hours (Fig. 11). After the first 3 days, urine 
concentrations hypertonic to serum were 
seen infrequently. 

An early point of confusion, not com- 
pletely resolved at the present time, was the 
lack of polyuria in apparently dehydrated 
infants (during the first 2 to 3 days of life) 
at a time when their urines were frequently 
only slightly hypertonic to plasma. Early 
observations on adults***’ demonstrated 24 
hour urine volumes in dehydrated subjects 
of 400 to 600 ml., whereas Thomson** 
found the average volume in 26 3-day-old 
babies to be equivalent to 320 ml. per 1.73 
sq.m. Based on body water content, how- 
ever, the infants observed by Thomson had 
24 hour urine volumes almost twice as 
large as those observed in adults. It is diffi- 
cult to define oliguria or polyuria in infants 
in terms of adult standards. Thus, informa- 
tion obtained through comparison of rates 
of urine flow observed in infants with those 
in adults may not be physiologically mean- 
ingful. 

As suggested by McCance,*' the GFR 
during the first few days of life may be 
of major significance. Although values for 
GFR have been measured in very few in- 
fants during this period, available data in- 
dicate that they are very low.** °*°* In 
addition, solute excretion in the newborn 
period is low, as demonstrated by McCance 
and Young,®® Young, Hallum, and Mc- 
Cance,*° and Dean and McCance.**** As 
pointed out by Barnett and Vesterdal,*' 


59 


rates of excretion of endogenous electrolytes 
are markedly influenced by many nonrenal 
factors, including intake and retention of 
the electrolytes, hormonal status, and met- 
abolic demands. Results of such observa- 
tions must, therefore, be interpreted with 
caution as comparisons of average values 
for electrolyte clearances in infants and 
adults may have limited physiologic sig- 
nificance. Nevertheless, these findings prob- 
ably explain adequately the low rate of 
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urine flow during hydropenia, thus dis- 
tinguishing between rate of urine flow and 
the urinary concentrating mechanism, simi- 
lar to the differentiation between water 
diuresis and the diluting mechanism dis- 
cussed above. Recent studies in dogs have 
emphasized this distinction."' 

Rather than exploring this problem fur- 
ther in human infants, Heller*? compared 
the effect of 24 hours of complete food and 
fluid deprivation on adult and newborn 
rats. Newborn rats differed from adult 
rats in that in the former the concentra- 
tion of the urine hardly increased, whereas 
the average U/P osmotic ratio in adult 
rats with dehydration was 3.65. The young 
animals excreted urine at a rate of 3.3 ml. 
per 100 grams of body weight per 24 hours; 
adults excreted less than half this amount. 

Taking advantage of the fact that pre- 
mature infants at the Boston Lying-in and 
Children’s Hospitals were given no food 
or water for 2 to 3 days after birth, Smith 
and co-workers®’ made observations on 
urine volumes and maximal urine con- 
centration during this period. The highest 
urine concentration observed was 618 
mOsm per liter in a 57-hour-old premature 
infant whose birth weight was 1,648 grams. 
The lowest osmolarity was 400 in a 54- 
hour-old infant weighing 2,103 grams. Al- 
though all of the infants demonstrated a 
postnatal weight loss ranging from 4.1 to 
20.0 per cent of their birth weights by 
the time observed, only one had a tempera- 
ture over 36.8 degrees. Six of the 10 in- 
fants demonstrated some degree of edema. 
Thus, comparison between the degree to 
which the urine was concentrated after a 
similar period of thirsting and fasting in 
infants and in adults, as suggested by Mc- 
Cance and Widdowson," is not valid since 
the resulting degree of dehydration may be 
quite different in the two groups of sub- 
jects. 

Hansen and Smith® measured body 
weight, serum electrolyte concentrations, 
and urinary volume and electrolyte and to- 
tal solute concentrations in 9 infants with 
no intake for 72 hours after birth, in 9 
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Fig. 12. Average weight 


losses in first 4 days of life as related to maturity and intake. During 


st 3 days infants received either no intake, water, or water and glucose, as indicated. On 
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Fig. 13. Osmolarity of 24 hour urine specimens collected from individual infants during 
Infants whose urine concentrations are charted on left received water 
: concentrations charted on the right represent urine of 
infants given no intake whatever during the first 3 days (thirsting). All received water and 
glucose on the fourth day.*5 
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receiving 50 ml. of water per kilogram per 
day, and in 7 receiving, in addition to the 
water, 2 to 10 per cent glucose. Rates of 
excretion of electrolytes and nitrogen in 
the urine were unaffected by the water in- 
take. Average weight losses during the first 
3 days, shown in Fig. 12, were 13 per cent 
in those not receiving water, 8 per cent 
when water was given, and 6 per cent when 
water and glucose were given. As shown in 
Fig. 13, omission of water produced uni- 
form increase in urine osmolarity, 680 
mOsm per liter being the highest value ob- 
served. Concentrations of serum sodium, 
chloride, and urea nitrogen were elevated 
in all infants not receiving water, regard- 
less of maturity. When compared with 
adults on the basis of surface area, losses 
of body weight (and therefore water) were 
the same, but rates of excretion of elec- 
trolytes in the infants were less. 

In a study of older infants, Pratt, Bien- 
venu, and Whyte” observed babies 30 to 65 
days of age fed isocaloric diets of dilute 
and undiluted evaporated milk and carbo- 
hydrate mixtures. The water added to the 
dilute diet averaged 55 per cent of the 
total volume. A prompt renal response to 
the low volume feeding was noted (Fig. 
14) with decrease in average rates of urine 
flow from 91 to 26 ml. per kilogram per 
day and a corresponding rise in urine spe- 
cific gravity from 1.010 to 1.034. No sig- 
nificant change in total solute output was 
noted. 

On the basis of these studies, which were 
largely descriptive, it has been assumed that 
the maximal concentration of urinary sol- 
utes which could be achieved by the young 
infant was about 700 mOsm per liter, a 
value considerably below the level of ap- 
proximately 1,400 mOsm attainable by the 
adult. Many attempts have been made to 
explain the apparently limited concentrating 
ability of the newborn infant. 

Heller measured the concentration of an- 
tidiuretic hormone in the pituitaries of adult 
and newborn rats®* and humans.®* The re- 
sults, as presented by McCance,*° are shown 
in Fig. 15, the difference between newborns 
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and adults being readily apparent. Despite 
this difference, however, Heller concluded 
that the quantity of ADH present in the 
newborns should have been sufficient to per- 
mit production of a concentrated urine. 
Subsequently, Dicker and Tyler*® reported 
similar results in pituitary glands of dogs 
and puppies. 

The renal response of 6 infants to intra- 
muscular posterior pituitary extract was ob- 
served by Heller.” The change in their 
urine concentrations was compared with 
the change in concentration observed in an 
adult given posterior pituitary extract dur- 
ing water diuresis. The failure of the in- 
fants to respond was interpreted as a basic 
defect involving insensitivity of the renal 
tubule to ADH. 

In the study previously mentioned, how- 
ever (Fig. 2), Barnett and _ associates* 
measured the inulin U/P ratio in a 6-day- 
old premature infant after 16 hours of 
water deprivation, following water adminis- 
tration, and finally during Pitressin infusion. 
A definite response to Pitressin was noted, 
although the rise in the inulin U/P ratio 
seen after the administration of Pitressin 
did not reach the level attained after fluid 
deprivation. However, the response to Pitres- 
sin was measured during sodium chloride 
infusion, which most likely limited the maxi- 
mal response.*° 

In the study of the development of water 
diuresis in infants, Ames*' correctly pre- 
dicted that infants less than 3 days old who 
had failed to develop a water diuresis would 
also fail to demonstrate a response to Pitres- 
sin as measured by decrease in rate of urine 
flow. Those infants demonstrating diuresis 
following water loading responded well to 
the Pitressin. 

As discussed previously, the main action 
of ADH is thought to be the induction of 
increased permeability to water of the distal 
and collecting tubules. Many factors must 
be operating in order to permit demonstra- 
tion of a decrease in rate of urine flow 
or an increase in urine osmolality in re- 
sponse to administration of Pitressin. Fail- 
ure to do so cannot be interpreted simply 
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Fig. 14. Water exchange before and after water 
restriction in young infants. During the first 
period each infant received a food mixture pro- 
viding about 130 calories per kilogram of body 
weight composed of evaporated milk and ad- 
ditional carbohydrate diluted with water. The 
added water averaged 55 per cent of the total vol- 
ume. Following this period, the infants were 
placed on a food mixture of the same or slightly 
larger amounts of evaporated milk and _ carbo- 
hydrate, but with no added water. After 24 hours 
and again after 4 or 5 days on undiluted food 


mixtures, periods 2 and 3 were carried out.® 
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Fig. 15. A comparison of the quantities of pitu- 
itary hormone available in the adult and new- 
born rat and human. The number of milliunits is 
expressed per 100 grams of body weight in the rat 
and per kilogram of body weight in the human. 
Heller,®*. 8 diagrammed by McCance.*°) 
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as unresponsiveness to the hormone per se, 
since the low GFR and the low rate of 
solute excretion observed during early in- 
fancy most likely play an important role. 
Recent observations of Levinsky, Davidson, 
and Berliner'' have demonstrated that if 
glomerular filtration rate of one kidney in 
the dog is decreased by 30 per cent or more, 
maximal urine osmolality during vasopres- 
sin infusion is reduced as compared to the 
contralateral kidney, presumably by de- 
creasing the amount of solute (sodium chlo- 
ride and urea) delivered distally. This re- 
lationship between filtration rate and urine 
osmolality is shown in Fig. 16. 

In addition to the low filtration rate, 
the low rate of solute excretion in the new- 
born infant has already been alluded to. 
Recently, Raisz and Scheer™' have dem- 
onstrated at low rates of urine flow during 
dehydration an inverse relationship between 
osmolal clearance and U/P osmotic ratio, 
similar to that noted by many investiga- 
tors®® 7 7-75 at high rates of urine flow 
obtained by osmotic loading. 

In an attempt to observe the effect of 
increased solute excretion on maximal urine 
osmolality, Calcagno, Rubin, and Wein- 
traub*® studied the response of the pre- 
mature infant to mannitol diuresis during 
hydropenia. However, as would now be ex- 
pected, the infants responded with a solute 
diuresis and decrease -in urine osmolality, 
leading to the conclusion that “the lowered 
concentrating capacity as compared with 
the adult was due to a deficient tubular 
response.” 

The length of Henle’s loop is of consid- 
erable importance in regard to its function 
as a countercurrent multiplier. The length 
of this segment has been found in various 
species to correlate well with maximal con- 
centrating performance.'® ** It is short in 
infancy and increases in length with ad- 
vancing age.*® 

The special role of urea in water con- 
servation was first referred to by Gamble 
and associates" ** in studies in rats. Ep- 
stein and 
marked enhancing effect of dietary protein 


associates*® demonstrated a 
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on maximal urine osmolality and Tm*H,O* 
in man in response to dehydration, and sub- 
sequently this has been confirmed by Hen- 
drikx and Epstein*® in rats. The findings in 
5 adult males studied after several days on 
a diet containing 150 to 200 grams of pro- 
tein per day and also after several days on 
a diet containing 20 Gm. of protein per 
day are shown in Fig. 17. Similar results 
were observed in comparing the effect of a 
basal diet with and without urea supple- 
mentation. 

Berliner and collaboraters? suggested the 
possibility that urea per se might play a 
role in the concentrating process. Constant 
passive diffusion of urea into the medullary 
interstitium would permit development 
there of a high urea concentration which 
would balance the concentration of urea in 
the urine. Only nonurea solute would then 
have to be balanced by the elevated con- 
centration of interstitial sodium and chlo- 
ride developed by Henle’s loop. Observa- 
tions by other investigators*'** have demon- 
strated also a unique action of urea as a 
urinary solute. Its major importance in the 
concentrating process has been firmly estab- 
lished recently by the observations of Le- 
vinsky and Berliner.’° 

Although, when compared on the basis 
of body weight, the protein intake of the 
infant is greater than that of the adult, on 
the basis of surface area the rates of intake 
are quite similar, as shown in Table IT. Due 
to the strongly anabolic state of the growing 
infant, a positive nitrogen balance as high 


*The term “TCH:0” is used to indicate the rate at 
which solute-free water is abstracted in the concentrating 
process and is calculated as the difference between the rate 
of urine flow (V) and the osmolal clearance (Cosm) : 
T°H:O = Cosm — V. Cosm is the volume of water, in 
milliliters per minute, necessary to contain the osmotically 
active solute of the urine at a concentration isosmotic with 
plasma and is calculated in the usual fashion: Cosm 
Uosm V 
~ Posm— 
the urine, Posm the osmotic concentration of the plasma, 
and V the rate of urine flow in milliliters per minute. 


, where Uosm equals the osmotic concentration of 


TmH20 is the maximal rate of reabsorption of osmoti- 
cally free water, measured during solute diuresis, and is 
calculated as the mean of all values of T°H2O falling with- 
in the rectilinear portion of the line of regression obtained 
by plotting Cosm against V. For a more detailed discus- 
sion, the reader is referred to the discussion by Zak, Brun, 
and Smith.** 
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Fig. 16. Changes in urine concentration when the 
glomerular filtration rate is reduced at low rate 
of solute excretion in dogs on regular diet (0) 
and on a low-protein diet (C1). The dashed lines 
circumscribe the area in which data from all 
the preliminary periods fall. 
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Fig. 17. Effect of dietary protein on renal con- 
centrating performance of adults. Subjects were 
maintained on specified diet for 3 days prior to 
each observation. Low protein diet provided 20 
Gm. of protein per day; high protein diets pro- 
vided 150 to 200 Gm. of protein per day. Max- 
imal urine osmolality was measured following a 
12 hour period of thirsting. TmSH:O was meas- 
ured during infusion of Pitressin and mannitol.*® 
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Fig. 18. Effect of dietary protein on renal concentrating performance of infants. Infants were 
fed diets indicated for 3 to 5 days prior to each observation. High protein diet provided 9 
Gm. of protein per kilogram of body weight per day; low protein diet provided 2.5 Gm. 
protein per kilogram of body weight per day; high volume diet provided 220 ml. per kilo- 
gram of body weight per day; low volume diet provided 115 ml. per kilogram of body weight 
per day. The diet of the infants in Group | was varied with respect to both protein content 
and total volume. In Group 2, the total volume of the diets remained unchanged as the pro- 
tein content was varied. Maximal urinary osmolality was measured following 12 to 14 hours 
of complete thirsting and fasting.S* 55 
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Fig. 19. Effect of dietary protein on renal concentrating performance of infants. See legend 
for Fig. 18. Tm*H:O measured during infusion of 10 per cent mannitol and Pitressin.’*: §§ 
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Table II. Dietary protein intake and uri- 
nary nitrogen excretion 


Dietary protein | Urinary nitro- 





intake gen excretion 
Gm. Gm. Mg. Gm. 
kg./ | sq.m. kg./ | sq.m. 
day day day day 
Adult (70 kilo- 1.3 52 200 8.5 
grams ) 
Infant, 2 
months old 
or younger* 
Human milk 2.1 34.5 130 2.2 
Modified 3.0 51.8 207 3.6 


cow’s milk 


S4-56 


*Data recalculated from Fomon and associates. 


as 50 per cent of intake may obtain, and 
consequently the excretion of urea is con- 
siderably lower at any given intake of pro- 
tein than in the adult (Table IT). 

The effect of varying protein intake on 
the concentrating mechanisms in young in- 
fants has been investigated by Edelmann, 
Troupkou, and Barnett*’ and Edelmann, 
Barnett, and Troupkou.*S They demon- 
strated that in response to dehydration, the 
maximal urine osmolality and Tm‘°H,O 
could be influenced markedly (without 
change in GFR)* by varying the dietary 
protein intake from 2.5 to 9.0 Gm. per 
kilogram per day (Figs. 18 and 19). On the 
high protein diet, urine osmolality as great 
as 1,139 mOsm per kilogram was observed 
in a 25-day-old infant. That these findings 
were not due simply to a nonspecific in- 
crease in solute excretion on the high pro- 
tein diet was demonstrated by similar ob- 
servations made following ingestion of a 
low-protein diet with and without supple- 
mentation with sodium chloride. Concen- 
trating performance following the addition 
of salt to the diet was decreased. An effect 
of acute urea loading and chronic urea 
feeding was noted, similar to the observa- 
tions in adult man and in dogs recently re- 
ported by Berliner and associates.*° 

The young infant is on a unique feeding 
schedule in that early in life he is fed ev- 
ery 3 to 4 hours and until several months 


*High protein feeding in rats has been shown to have 
a marked effect on increasing GFR. 
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of age usually does not fast more than 6 to 
8 hours. An effect of previous water intake 
on the response of the kidney to dehydra- 
tion has been demonstrated by Epstein, 
Kleeman, and Hendrikx®’ and De Wardener 


" in adults, and similar 


and Herxheimer 
findings were reported in infants by Edel- 
mann, Barnett, and Troupkou,** ingestion 
of low volume diets markedly enhancing the 
response of the kidney to dehydration. 

Analysis of the data obtained in infants 
on varying protein and water intakes** “* 
was interpreted to indicate adequate per- 
meability of the distal and collecting tubule 
to water in response to Pitressin admin- 
istration. Therefore, it would appear that 
the limited concentrating performance of 
the neonate cannot be explained by insensi- 
tivity to ADH, as has been assumed by all 
investigators in the past. On the contrary, 
response to ADH, the original “defect” 
postulated to explain the low concentrating 
performance of the neonate, is probably the 
only aspect of the concentrating mechanism 
that cannot be implicated. The possible role 
of low rates of glomerular filtration and 
solute excretion in the apparent decreased 
“ability” to concentrate solutes in the urine, 
considered since it was first demonstrated 
that these functions were low in young in- 
fants, can be appreciated only in the light 
of present knowledge of concentrating mech- 
anisms." *! 

As Hower Smith* has aptly stated, “A 
countercurrent system—probably a multiplier 

operative in the loop of Henle is here to 
stay; but the basic postulations with respect 
to the physiological activities of various seg- 
ments, not to mention issues that arise 
from comparative anatomy, pathological 
physiology, embryology, and what-not, are 
still a little confusing. . . .” Precise physi- 
ologic understanding of the concentrating 
mechanism of the infant awaits resolution of 
this confusion. 


PRACTICAL CONSIDERATIONS 

Unfortunately, all too often the clinician 
cannot await the complete understanding 
and final exposition that the physiologists 








170 Edelmann and Barnett 


seek. The hungry babies must be fed, the 
dehydrated ones and the postoperative 
infants must be treated. Despite the moth- 
er’s certainty, based on a perfusion of wet 
diapers, that renal function is more than 
adequate, the physician’s approach to the 
extremely complex problems surrounding 
water and electrolyte metabolism in the 
young infant must be based on all available 


information 


FLUID THERAPY 


As emphasized by many authors,**-”* es- 
timation of the correct amounts of fluid 
and electrolytes to be given to correct ex- 
isting imbalances and to provide for daily 
requirements are probably best calculated 
with the intention of providing the kidney 
with adequate quantities of water and 
electrolytes with which to restore and to 
maintain body homeostasis. This approach 
to fluid therapy is perhaps of greatest im- 
portance in situations where the homeo- 
static limits may be narrowed due to renal 


99-102 


disease,** *> surgery, neurological dis- 


orders,"’* endocrine (especially pituitary 


4. 105 


and __ adrenal disorders," malnutri- 


tion,"’® and severe diarrhea.'’* '°% 

The renal solute load during parenteral 
fluid therapy has been found to be approx- 
imately 25 mOsm per 100 calories expended 
per 24 hours."*’ '® Since the young infant 
expends 60 to 80 calories per kilogram per 
day during fasting, simple calculations yield 
rough estimates of the total daily renal sol- 
ute load and of the amount of water re- 
quired to provide for renal losses. To al- 
low formation of urine with a solute con- 
centration of 300 mOsm per liter, this 
quantity of water is approximately 50 to 
65 ml. per kilogram of body weight per day. 
Note, however, that if additional amounts 
of electrolyte are administered, their ex- 
cretion will obligate additional water. 

Daily basal insensible water loss in young 
infants equals 40 to 50 ml. per 100 cal- 
ories,''® which during parenteral alimenta- 
tion equals approximately 30 to 40 ml. 
per kilogram. A marked increase in in- 


sensible loss may occur with hyperpnea as 
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exemplified by a patient with central nerv- 
ous system disease reported by Heeley and 
Talbot," who showed a threefold increase 
in insensible loss during a period of deep 
respirations. With elevated body tempera- 
ture, metabolic expenditure increases, with 
a resulting increase in insensible loss through 
the skin. In addition, with fever or with 
an increased environmental temperature, 
sweating may occur. Sweat losses as high 
as 100 ml. per kilogram of body weight 
per day have been reported in sick infants 
during hot weather.'’* It is important to 
note that these losses may continue despite 
inadequate water intake. Gastrointestinal 
suction or diarrhea obviously adds consid- 
erably to the total daily water loss. The 
ordinary water losses during parenteral 
fluid therapy as well as the increased 
amounts that may be lost with fever, sweat- 
ing, diarrhea, and so forth, are outlined in 
Table ITT. 


The principles of renal water metabolism 


previously discussed should be applied to 


the clinical problem of fluid therapy. The 
patient receiving parenteral fluid is usually 
prevented from responding to his own stim- 
uli for the regulation of water intake, 
namely, the thirst mechanism and, instead, 
is dependent on the physician’s calculations 
of estimated water need. As _ discussed 
above, large water loads are not excreted 
rapidly by young infants, so that over- 


Table HI. Daily water expenditure in the 
fasting state* 


Milliliters 
per 
. kilogram 
Route body weight 
Urine 50-65 
Insensible 
Lung, normal respiration 8-11 
Lung, hyperpnea 20-60 
Skin 17-22 
Sweat 
Afebrile, temperature below 80° 9-16 
Febrile, temperature above 90° 30-100 
Stool 
Normal 5-6 
Diarrhea 35-6 





*Data recalculated from Darrew and associates.” 
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enthusiastic replacement of water losses 
may lead to overhydration and water in- 
toxication. Conversely, especially during 
illness, renal water conservation may be 
inadequate to compensate for extrarenal 
losses, which, as shown, may reach consid- 
erable magnitude. 

In 1947 Dubs’** reported a study com- 
paring urine concentrations in 20 infants 
with acute dehydration from diarrhea with 
the renal response of 16 convalescing in- 
fants whose fluid intake was restricted while 
the diet was maintained constant. Of the 20 
infants with diarrhea, osmolarity reached 
1,000 mOsm per liter or more in only 5, 
whereas 9 of the 16 “normal” infants 
showed concentration of urine greater than 
1,000. 

An early study of Black, McCance, and 
Young** of 4 adults who abstained from 
water for 3 to 4 days while taking a dry 
diet demonstrated only a slight decrease in 
inulin clearance, average values falling from 
123 to 108 ml. per minute. However, in a 
study of infants with dehydration from 
vomiting and diarrhea, Calcagno and Ru- 
bin'’? observed significant depression of 
GFR and U/P osmotic ratios. Creatinine 
and inulin clearances frequently increased 
severalfold following fluid therapy. Thus, 
the function of the kidney in maintaining 
homeostasis may be considerably less dur- 
ing illness than would be predicted from 
observations on healthy infants under stress. 

Careful measurements of intake and out- 
put combined with accurate daily weights 
may provide the most valuable guide in 
fluid therapy. Assuming normal renal func- 
tion, urine osmolality provides a simple es- 
timate of the state of hydration. However, 
caution must be exercised in interpreting 
the urine concentration for this purpose 
since alterations in water metabolism occur- 
ring during anesthesia, with the adminis- 
tration of narcotics, during potassium de- 
ficiency,’** with endocrine or renal disease 
and the like, may lead to confusion. Main- 
tenance of normal environmental and body 
temperatures and keeping the infant in an 
atmosphere of high humidity aid greatly in 
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decreasing extrarenal losses which are so 
difficult to estimate. Provision of adequate 
water to replace deficits and to meet cur- 
rent needs without exceeding the upper limit 
of water tolerance provides a frequently 
simple, but often challenging, clinical prob- 
lem. 


INFANT FEEDING 


The statement by Smith*®® in 1951 that 
“the limitations of the infant kidney pre- 
sent a liability that can only be offset by 
judicious restraint in the administration of 
salt, of saline infusions, and of a high pro- 
tein diet” reflects current thinking in the 
field of infant feeding. In an effort to pro- 
vide a low renal osmolar load, low protein 
feeding has been advocated since the “lim- 
ited concentrating ability” of the infant was 
first recognized. It has been argued that the 
smaller the amount of solute to be excreted, 
the smaller is the volume of water obligated 
by the kidney for this excretion. Pratt and 
Snyderman'*® observed 6 premature infants 
aged 10 to 30 days fed isocaloric diets com- 
posed of diluted evaporated milk with and 
without added carbohydrate. The unmodi- 
fied mixture, with no extra carbohydrate, 
provided 20 per cent of calories from pro- 
tein, 28.5 per cent from carbohydrate, and 
51.5 per cent from fat. The mixture modi- 
fied with added carbohydrate provided only 
14.1 per cent of calories from protein, 49.5 
per cent from carbohydrate, and 36.4 per 
cent from fat. The renal solute load of the 
modified mixture was observed to be 19.7 
mOsm per kilogram of body weight per 
day whereas the unmodified mixture re- 
sulted in a load of 36.4, an increase of 85 


per cent. Thus, as shown in Fig. 20, at 


any given level of urine osmolarity, the 
amount of urine required for renal solute 
excretion can be predicted to be 85 per 
cent higher on the unmodified diet. This 
led Pratt and Snyderman'’* to the conclu- 
sion that with the need to minimize renal 
water loss, due to large extrarenal losses, 
greater conservation could be attained with 
a modified or low protein diet. 

Two points should be considered before 
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Fig. 20. Theoretic obligatory renal water for 
solute excretion on modified diet (with carbo- 
hydrate) and unmodified diet (without carbo- 
hydrate) at any concentration of urine solute.15 


fully accepting this argument and the con- 
sequent recommendation for infant feed- 
ing. The first and most important is the 
emphasis placed in the doctrine of low pro- 
tein feeding on limited renal function as the 
fundamental problem. It should be noted, 
however, that the need for concern regard- 
ing water conservation arises from the large 
extrarenal losses which an infant may have 
because of his relatively large surface area, 
rapid respiratory rate, and high metabolic 
expenditure. 

Under ordinary conditions, as shown by 
Pratt and co-workers™ (Fig. 14), infants 
fed concentrated evaporated milk mixtures 
containing one half the usual water vol- 
ume demonstrate an adequate renal re- 
sponse, concentrating the urine to the de- 
gree necessary to eliminate the continuing 
solute load in the decreased amount of wa- 
ter available for renal excretion. 

In studies by Quinn and associates,'"’ 
adult males placed on water restriction and 
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protein-containing or protein-free diets 
demonstrated greater resistance to dehy- 
dration on the protein-free regimen, owing 
to lesser solute loads and urine volumes, 
than on the protein-containing diet. When 
the patients were allowed adequate water,'’* 
no difference in water balance was observed 
on the two regimens. Since the subjects 
were adults it is obviously not possible to 
suggest that the differences noted could be 
explained on the basis of renal immaturity, 
although the differences in water balance 
were due to the different urine volumes. 
The second point for consideration arises 
from the assumption that the level of max- 
imal urine osmolality remains constant in- 
dependent of the diet. The effect of dietary 
protein on renal concentrating performance 
has been mentioned. The difference in pro- 
tein content of breast milk and the usual 
cow’s milk formula is not as great as the 
difference in the formulas utilized by Edel- 
mann and _associates.** ** However, it 
should be noted that the “low protein” 
formula used had approximately the same 
protein content as breast milk. Values for 
maximal urine osmolality in babies fed this 
formula were frequently considerably be- 
low the maximal level given for infants dur- 
ing the first month of life. It is important 
to realize that an infant concentrating to 
900 mOsm per kilogram will obligate the 
same amount of renal.water as one on a 
lower protein intake, with one third less 
solute load, who concentrates maximally to 
only 600 mOsm per kilogram. 
Investigation''® was made of the possible 
effect of previous dietary protein content 
on renal water conservation in infants dur- 
ing a period of complete thirsting and fast- 
ing. Infants who had been receiving either 
high or low protein diets were observed for 
periods up to 14 hours following a dextrose- 
water feeding. It can be seen in Fig. 21 that 
the volume of urine passed approximately 
equaled that given in the water load. How- 
ever, the infants became dehydrated, as 
evidenced by clinical 
weight loss, presumably through continued 


observation and 


insensible losses. No difference was observed 











Volume 56 Number 2 


in the response of babies who had received 
low or high protein diets. Although the to- 
tal solutes excreted during the period of 
observation by babies previously on a high 
protein diet was up to 66 per cent greater 
than those on the low protein diet, the 
urine osmolality was equally increased so 
that the urine volume in the two groups dif- 
fered by only a few milliliters. Thus, with 
complete cessation of oral intake, no ef- 
fect of previous high or low protein feeding 
on water conservation could be noted. 
Calcagno and collaborators’*® *** made 
observations on infants dehydrated over a 
+8 hour period by complete thirsting and 
fasting, except for small Lytren feedings (30 
ml. per kilogram of body weight per day). 
The infants were then fed small volumes of 
a high or a low protein formula for an addi- 
tional 4 days. Slightly greater average 
weight loss and urine volume were noted 
in the infants fed the high osmolar (high 
protein) formula, presumably due to the 
greater renal solute load. However, the 
practical significance of this small differ- 
ence can be questioned. In addition, if the 
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special diets had been given for several days 
prior to reduction in 24 hour intake an in- 
creased level of maximal urine osmolality 
in those infants on high protein feeding 
‘Ss This in- 


79, 87, 


would have been expected. 
crease possibly would have reduced or elimi- 
nated the differences in daily urine volumes 
and body weight losses that were observed. 

A study is in progress’*? to determine 
the effect of reduced water intake in pre- 
mature infants after several days or weeks 
of high or low protein feeding. The ability 
to withstand water deprivation obviously 
will depend on the relative effect of in- 
creased maximal urine osmolality during 
high protein feeding and decreased solute 
load from a low-protein diet. 

As pointed out by Holt,'** theoretical ad- 
vantages can be claimed for both high and 
low protein feeding. “The higher protein 
feeding would appear to provide a greater 
margin of safety against protein deficiency 
than the lower protein intake. However, the 
resulting obligatory urinary water 
would appear to offer a lesser margin of 
safety against dehydration. The practical 
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Fig. 21. Cumulative urine volume during complete thirsting and fasting in a young infant 
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importance of either of these theoretical ad- 
vantages has not been demonstrated.” 

It should be pointed out, however, that 
the belief that high protein feeding results 
in greater obligatory urinary water is in 
itself theoretical. Babies given adequate wa- 
ter intake, permitting formation of urine be- 
low the osmotic ceiling, show no difference 
in 24 hour urine volumes when fed high or 
low protein formulas.''® The effect of high 
or low protein feedings on renal water re- 
quirements has not been tested during pe- 
riods when infants were given an amount 
of water which would evoke maximum con- 
centration of solutes in the urine. Under 
such circumstances, it might be predicted 
that to the extent that a higher protein 
feeding would result in a higher rate of ex- 
cretion of nonurea solutes, the renal water 
requirement would be increased. However, 
the observations of Gamble and associates" 
and of Crawford and co-workers** on the 
effect of urea on the concentration of non- 
urea solutes indicate that even this pre- 
diction cannot be made with confidence. 
It must be concluded, therefore, that the 
renal water requirements and the “margin 
of safety” provided by a formula of any 
given protein content must be measured 
experimentally rather than calculated theo- 
retically. 

Attempts to define optimal protein in- 
take for young infants require considera- 
tion of many areas of body metabo- 
lism.'**-'*® Of these, renal function has been 
the major, if not the only, area in which 
there has seemed to be experimental data 
indicating an advantage of low protein 
feeding. This possible advantage, in terms 
of water metabolism, has been considered 
in the preceding discussion and cannot be 
excluded completely. Nevertheless, it should 
be clear from this discussion that the role 
of renal function, in the definition of op- 
timal protein intake for young infants, has 
been assigned disproportionate importance. 


SUMMARY AND CONCLUSIONS 


|. Remarkable progress has been made 


in the past few years toward greater un- 
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derstanding of the renal mechanisms of 
concentration and dilution of the urine. 
Current theories, including the operation 
of the countercurrent multiplier system of 
Henle’s loop and the role of ADH have been 
reviewed and summarized. 

2. Present evidence indicates that the di- 
luting mechanisms of the infant and adult 
kidney function qualitatively and most 
likely quantitatively the same. Comparison 
of the infant and adult response to water 
loading is at best difficult, primarily be- 
cause of a lack of adequate standards of 
comparison. However, the young infant seems 
to show a lesser degree of diuresis in response 
to water loading than the adult, most likely 
because of lower rates of solute excretion and 
glomerular filtration. 

3. Several aspects of the renal concen- 
trating mechanism in young infants which 
may play a role in the limited concentrating 
performance commonly observed have been 
discussed. These include GFR, rate of sol- 
ute excretion, length of Henle’s loop, and 
response of the renal tubules to ADH. Re- 
cent observations have indicated that the 
response of the infant kidney to ADH is 
adequate and is, therefore, not a factor in 
limiting maximal achievable urine osmolal- 
ity, as previously believed. 

4. All aspects of renal water metabolism 
must be considered in planning fluid ther- 
apy, since the ultimate regulation of fluid 
balance depends primarily on the kidney. 
Fluid administration must be at a rate that 
is adequate to provide for losses by all ex- 
trarenal routes and yet within the limits 
of the kidney’s ability to excrete water 
loads. Consideration of renal concentrating 
and diluting mechanisms aids in determin- 
ing rates of water administration that will 
fall within these homeostatic limits. 

5. Recent observations in infants and 
adults have demonstrated the importance of 
the role of dietary protein and water in the 
concentrating mechanism. The large daily 
fluid intake of the young infant, uniquely 
distributed throughout the entire 24 hour 
period, and the low rate of urea excretion, 
due to a strongly positive nitrogen balance, 
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make consideration of diet especially per- 
tinent. Obligatory urinary water depends 
the 
able urine osmolality and the rate of solute 


on balance between maximal achiev- 
excretion, both of which are influenced to 
a major extent by dietary protein content. 
Thus, obligatory renal water for a given 
diet cannot be predicted but must be meas- 
ured. Studies have demonstrated that with 
adequate water intake or with complete 
food and water deprivation no significant 
difference in the rate of renal water excre- 


fed 


high- or low-protein diets. Studies of the 


tion can be demonstrated in infants 
effect of varying protein intake during wa- 
ter deprivation are in progress. 

6. Data concerning the role of the kidney 
in water metabolism have been interpreted 
as demonstrating an advantage of low pro- 
tein feeding. This possible advantage has 
been considered in the preceding discussion 
and cannot be excluded completely. As was 
emphasized, however, the role of renal func- 
tion, in the definition of optimal protein 
intake for young infants, has been assigned 
disproportionate importance. 
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to contribute to this Festschrift for one of 
America’s pediatric pioneers. Dr. Borden 
Veeder has been a leader in this field for 
many years. 

My interest in the subject of skeletal 
sodium began with some investigations first 
carried out at the St. Louis Children’s 
Hospital. These investigations concerned 
the feasibility of estimating total body 
sodium in living man by means of the iso- 
topic dilution technique.’ A comparison of 
values obtained in adults by this method 
with those reported for carcass analysis re- 
vealed that only about two thirds of the 
total body sodium exchanged readily with 
radioactive sodium.* A similar discrepancy 
has been found in the rabbit.* In the new- 
born infant, on the other hand, the two 
methods appeared to yield comparable 


values. 
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Since the sodium of the soft tissues of 
the body, with the exception of erythrocytes 
*® undergoes rapid ex- 
change with injected radiosodium, I formu- 


and nervous tissue, 


lated the hypothesis that age variations in 
the reactivity of skeletal tissue were respon- 
sible for the difference noted above between 
infant and adult subjects. This hypothesis 
led to a consideration of skeletal sodium 
in its various aspects, and it is the author’s 
work in this field which forms the substance 
of this paper. 

Over a half-century ago Gabriel’ found 
that skeletal tissues were rich in sodium; in- 
deed, bone and cartilage have a much higher 
content than any other mammalian tissue. 
In order to arrive at an estimate of the total 
amount of skeletal sodium in man, it is 
first necessary to consider the amount of 
skeletal tissue present. Available data for 
man are illustrated in Fig. 1. Morales and 
* reported a value of 6 per cent for 
the guinea pig, and King and Smyser® one 


associates 


of 7 per cent for the rat. Only a few at- 
tempts have been made to partition the total 
body content of sodium between skeletal and 
nonskeletal tissues. In man, the skeleton con- 
tains 32 to 44 per cent of total body so- 


dium,” *° 


in the monkey 55 per cent,"' in the 
dog and rabbit 39 to 44 per cent,'* and in 
the rat 21 per cent."® 

The well-known technical difficulties in 
the analysis of bone for sodium necessi- 
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tated a consideration of available methods. 
In the early phase of this work a new 
method was devised for separating sodium 
from interfering ions, such as Ca and P, by 
cation exchange chromatography.'®* '* Elu- 
tion of bone ash solution from a Dowex-50 
column resulted in the quantitative appear- 
ance of sodium in the eluate free from the 
other major ions present in bone. Though 
accurate, this method proved tedious and 
cumbersome, and consequently some means 
for direct flame photometry was sought. In 
Fig. 2, the effect of added calcium on re- 
covery of sodium from known solutions is 
illustrated (the molar Ca/Na ratio in 
adult bone is about 25). The instrument 
which achieves the smallest error is the 
Baird internal standard machine equipped 
with a NallII Lill filter burning natural 
gas and fitted with a manufactured gas 
burner. Others'® have found that when 
manufactured gas is used with this instru- 
ment no correction is necessary. 

Our present procedure upon removing 
bone from the animal is to carefully scrape 
off the periosteum and clip off the cancel- 
lous portions. The marrow is then removed 
and the remaining cortical bone cut into 
small bits with an orthopedic rongeur. All 
of the data reported here are based on 
marrow-free cortical bone samples, since 
there is no way to correct for the sodium 
content of contaminating marrow elements. 

The bone chips are then dried in vacuo 
at 65° C. for 48 hours. Fat is removed* by 
extraction with anhydrous ethyl ether at 
room temperature, and the dry fat-free 
sample is ground to the consistency of a 
coarse powder in a porcelain mortar. A 
suitable aliquot of the powder is then ashed 
at 525° C. for 48 hours, the ash taken up 
in 2N HCl, the resulting solution boiled for 
10 minutes, and then made up to volume 
with distilled water. If only an analysis for 
Na and Ca is desired, 50 mg. of bone will 
suffice. 


*Routine fat extractions are no longer done in the case 
of rat bone, since fat content is rarely more than 2 per 
cent. 
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.4-1K6 INFANTS 2-4 «6 ADULTS 


Fig. 1. Relative weight of skeleton in man. Fig- 
ures at top of columns refer to number of speci- 
mens, those at the sides to per cents. Stippled 
portion indicates relative weight of cartilage, 
diagonal cross-hatching that of bone. From var- 
ious sources.!3-15 


SODIUM CONTENT OF NORMAL 
BONE 


A number of analyses of the sodium 
content of bone have been reported in the 
literature, though these are far fewer in 
number than those for calcium and phos- 
phorus. After review of the reported data 
together with our own analyses there ap- 
peared to be considerable variation from 
one species to another and among the vari- 
ous skeletal sites. For species such as the 
dog, cat, rat, and man the values range 
from 0.1 to 0.27 mEq. per gram wet weight. 

Our early studies were directed toward 
the possibility that age could account for 
some of the observed variation in bone 
sodium content. Table I indicates that this 
is indeed the case. For each of the three 
species (cat, rat, man) studied thus far, 
there is a gradual increase in sodium con- 
tent as the organism ages. Adult bone con- 
tains about twice as much sodium as that 
from the very young. As the table illustrates, 
growth is also associated with a decline in 
the water content of bone. Hammett*’ has 
carefully portrayed the increase in calcium 
and phosphorus content as growth proceeds 
in the rat. 

In a fast-growing species such as the 
rat, changes in bone sodium content occur 
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Fig. 2. Effect of added calcium on apparent recovery of sodium from known solutions, with 


use of different flame photometers: (1) 
and associates,'* (2) Barclay, (3) Perkin-Elmer, 


so rapidly that the age factor must be taken 
into account in the design of experiments 
for testing the effects of various procedures. 
If, for example, an 80-day-old animal is used 
as a control, and a 60-day-old one as the 
experimental subject, the spurious conclu- 
sion would be reached that the sodium con- 
tent had dropped some 17 per cent as a re- 
sult of the experimental procedure. In the 
older animal, obviously, control of the age 
factor is of lesser importance. 

The influence of sex on bone sodium 
content has been subjected to preliminary 
study in our laboratory. In the rat, values 
for the male are slightly lower than those 
for females of comparable age in the young 
adult age groups whereas the reverse is 
true in the l-year-old animals.** The dif- 
ferences are not great, however, and, as 
will be seen later, they vanish altogether 
when samples from the two sexes are com- 





internal standard instrument of the design of Berry 


Weichselbaum-Varney, and (5) Baird. 


pared on the basis of bone water content. 

An additional source of variation concerns 
the matter of marrow contamination. As 
stated earlier, we have, in our own studies, 
been careful to remove the marrow from 
the specimen before proceeding with the 
analysis; a number of reports in the liter- 
ature, however, make no mention of this in 
the analytical protocol. In order to test the 
effect of this factor, the following experi- 
ment was done. The long bones were re- 
moved from 3 rats, and the periosteum 
scraped off. In each instance bones from 
the right extremities were prepared in the 
usual manner, while the marrow was not 
removed from the bones from the left side. 
Each set of samples was then analyzed in 
the usual manner. It is evident (Table IT) 
that failure to remove the marrow resulted 
in an apparent increase in water and. chlo- 
ride content and an apparent decrease in 
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ash, sodium, and calcium content. The in- the results set forth in Table III should 
crease in the Na/Ca ratio is also an indica- provide an approximation of the difference 
tion of marrow contamination. in composition. The figures are calculated 
One further possible source of variation on a fat-free basis. The cancellous portion 
in reported values for bone sodium content is seen to contain more water and less ash 
concerns the inclusion of cancellous bone and sodium per unit fresh weight than the 
in the sample. A preliminary study of this cortical portion. Calculations based on dry 
factor has been done with samples of veal weight or ash weight, on the other hand, 
bone. Removal of marrow from the inter- reveal a higher sodium content for the 
stices of the cancellous portion proved diffi- cancellous part. 
cult. Repeated blotting with filter paper and Thus there are a number of factors 
the use of a stream of compressed air failed which contribute to the variation in sodium 
to remove all of the marrow; nevertheless, content of normal bone. The proper design 
Table I. Relation of bone sodium content to age* 
- — : Water Sodium (mEq. per 
Age No. (%) gram wet weight)t 
Rat 
17-21 days 11 45 0.103 + 0.009} 
56-61 days 6 24 0.174 (0.166-0.187) § 
80 days 7 21 0.209 + 0.018 
106-113 days 3 0.238 (0.231-0.242) 
1 year 9 0.268 + 0.018 
Cat 
3 weeks 2 42 0.145 (0.138-0.151 ) 
10-13 weeks 3 26 0.182 (0.172-0.189) 
10 months 3 15 0.231 (0.205-0.249) 
Man 
Premature 4 41 0.157 (0.131-0.172) 
3-4 years 3 28 0.181 (0.159-0.207 ) 
Adult 3 15 0.245 (0.197-0.276) 
*Some of these data have been published elsewhere.”"+ * 
?Fat-free basis in cat and man. 
{Standard deviation. 
§Range. 
Table II. Effect of marrow on analytical values* 
Rat weight - = 
| 500 grams | 510 grams 164 grams Marrow 
Water (%) 14.0 15.4 25.6 Removed 
26.5 25.8 41.6 Intact 
Ash (%) 64.3 62.7 52.9 Removed 
50.0 52.2 37.7 Intact 
Sodium (mEq. per gram) 0.222 0.212 0.171 Removed 
0.179 0.178 0.134 Intact 
Calcium (mEq. per gram) 11.68 11.0 9.36 Removed 
8.96 8.96 6.95 Intact 
Na/Ca ratio 0.0190 0.0193 0.0183 Removed 
0.0200 0.0199 0.0193 Intact 
Cl (mEq. per gram) 0.163 Removed 
0.176 Intact 








*Wet weight basis. 
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Table III. Comparison of cortical and cancellous bone 











Na (mEq. Na (mEq. 
H.O Ash per gram per gram | Na (mEq. per 
(%) (%) wet weight) dry weight) gram ash) 
Cortical bone 17.6 56.8 0.188 0.228 0.331 
Cancellous bone 51.8 24.6 0.122 0.253 0.498 


Table IV. Sodium content of ancient bone 








Specimen Age Na (mEq. per gram) ash 
Desmostylus tooth 20,000,000 years 0.32, 0.38 
Mastodon tooth 5,000,000 years 0.071, 0.15, 0.22, 0.27 
Sloth tooth 24,000 years 0.16, 0.24 
Sloth bone 24,000 years 0.18 
Sloth bone 10,000 years 0.15, 0.27 
Human bone 10,000 years 0.46 
Human bone a.p. 300-1200 0.17, 0.20, 0.29 


of any experiment for testing the effect of a 
given stimulus on bone sodium content must 
include a consideration of the age of the 
experimental animal, the careful exclusion 
of marrow from the sample to be analyzed, 
and a restriction of the samples to either 
the cortical or cancellous portion. Cartilage 
should also be removed. 

It was of interest to study the sodium 
content of ancient bone. Some of the 
samples were obviously fossilized, and in 
all instances the water and organic content 
was very low. It was obviously impossible 
to assess the likelihood of sodium contami- 
nation from the soil or in handling; this 
may account for some of the variations to 
be noted in Table IV. It was necessary to 
express the data on an ash weight basis 
since the original water and organic matter 
contents were not known. The values are, 
in general, somewhat lower than those for 
modern bone and tooth samples but con- 
siderable sodium remains, even after many 
thousands of years. Gassman** in 1909 re- 
ported comparable values for prehistoric 
teeth. 

Analyses are available for a number of 
other calcified tissues. Harrison** found 
sodium in metastatic calcification, and 
Thompson and associates*® in renal stones. 
Bergstrom**® found that reindeer antlers con- 





tained 0.23 mEq. per gram dry weight (0.42 
mEq. per gram ash), and 3 samples of 
ivory analyzed in our laboratory contained 
0.32-0.41 mEq. Na per gram ash. Ocean 
clam shells contain appreciable amounts 
of Na, while fresh-water clams have much 


less.7® 


SODIUM CONTENT OF 
CARTILAGE 


Analysis of cartilage for sodium presents 
no special difficulties since the concentration 
of interfering ions is low. Values obtained 
in our laboratory are compared to those 
from the literature in Table V. We have 
not as yet made a systematic study of the 
effects of age, skeletal site, etc., on cartilage 
sodium. 

Note should be taken once more of the 
data of Fig. 1 indicating that an appre- 
ciable portion of the infant skeleton is com- 
posed of cartilage. The analyses of Swanson 
and Iob*’ revealed that of the entire amount 
of sodium in the skeleton of young infants 
no less than 20 to 34 per cent was to be 
found in the cartilaginous portion. This 
constitutes yet another difference between 
infant and adult skeleton. Experiments are 
now under way in our laboratory to test the 
degree of lability of cartilage sodium in 
animals. 
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Table V. Sodium content of cartilage (mEq. per gram fresh tissue ) 





Species | No. of samples Location Na content 
Human, premature 2 Epiphyseal 0.220 
Human fetus, newborn?‘ 21 Epiphyseal 0.147-0.198 
Human child?® 13 Articular 0.169 (.140-.186) 
Puppy”? 31 Articular 0.185-0.222 
Pig 12 Epiphyseal 0.224 (.209-.262) * 
Rabbit 18 Costal 0.238 (.194-.284) * 





*Analyses performed by Mr. Stanford Burday, in my laboratory. 


Table VI. Radiosodium exchange in bone and cartilage (fraction exchanged) 





Rat bone 


~ Equilibration time 








Rabbit cartilage 


Equilibration time 


Cat bone 


: ~ Equilibration time 





Age ~ 2 hours 24 hours 2 hours | 24 hours l hour | 2 to 3 hours 
Weanling 0.81 0.76 3 weeks 0.75 0.91 0.99 
80 days (male) 0.54 0.60 10-13 weeks 0.61 
80 days (female) 0.48 0.67 10 months 0.34 0.46 
1 year (male) 0.27 0.42 


RADIOSODIUM EXCHANGE IN 
BONE AND CARTILAGE 


Early in our investigations we made some 
preliminary observations on sodium** up- 
take in human bone.' These have since been 
extended with the use of longer-lived so- 
dium** in experimental animals, and a 
few observations have been made on carti- 
lage as well. A number of other workers 
have also studied radiosodium exchange in 
bone. Some exchange does occur, but in 
contrast to most soft tissues it is incomplete, 
even after many days. Hodge and co- 
workers** found some exchange in vitro, 
the degree to which this occurred being a 
function of the sodium concentration in the 
supporting fluid medium. 

In our experiments, radiosodium 


30-32 


22 


was 
given intravenously or intramuscularly in 
doses of 5 to 50 ue. per kilogram of body 
weight. At given intervals of time samples 
of blood and bone were taken for analysis, 
and the degree of exchange calculated as 
the ratio of specific activity* of bone to that 
of serum. Sodium** was assayed in a scintil- 
lation counter. 

The results from both the rat and the cat 
experiments (Table VI) indicate that our 
original hypothesis was correct, namely, that 


*Radioactivity per unit weight sodium. 





exchange occurs more rapidly in the infant 
skeleton* than in that of the adult. Cartilage 
exchange is very rapid, and, in contrast to 
bone, goes to completion within a relatively 
short time. Thus, not only is the infant 
skeleton more reactive with respect to radio- 
sodium exchange in the calcified portion, 
but its content of cartilage renders the de- 
gree of over-all skeletal exchange even 
higher. 

Additional studies have been made in our 
laboratory on cartilage exchange in vitro. 
Small pieces of rabbit costal cartilage were 
suspended in an artificial extracellular fluid 
medium to which sodium** had been added, 
and the flasks shaken in a water bath at 
37° C. Under these conditions, exchange 
was complete within 20 minutes, the half- 
point being reached in about 3 minutes. 


*For the weanling animals, whose rate of skeletal growth 
is estimated to be 9 per cent per day, the 24 hour ex- 
change values were corrected for this factor on the assump- 
tion that the newly formed bone would have a specific ac- 
tivity equal to that of serum. 

If Nar = total Na measured in bone; Nao = original 
Na present; Naa Na added during growth; and SA - 
specific activity, 

SA Nar SA Nao 


tae Of Se 2 Nao yg mon 
Nat X SA Serum ( = x SA —) 
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Fig. 3. Plot of bone sodium content (wet weight basis) against bone water content. Number 
of specimens indicated in parentheses. Points for the rat and frog represent an average of 
several animals; three samples were available from each of the fish. Points for the frog lie 
below the general curve, those for goose fish, above. (From Forbes, G. B.: Bone Sodium and 
Na®? Exchange: Relation to Water Content, Proc. Soc. Exper. Biol. & Med. 102: 246, 1959.) 


RELATION OF SODIUM CONTENT 

OF BONE AND RADIOSODIUM 

EXCHANGEABILITY TO BONE 

WATER CONTENT 

It was noted earlier that age, though most 
important, could not account for all of the 
variation in sodium content of marrow-free 
cortical bone samples from normal subjects; 
more recently it has become evident that 
there are also variations among adult ani- 
mals with respect to radiosodium exchange- 
ability. 

In an attempt to minimize these varia- 
tions, it was decided to relate sodium con- 
tent to water content. The results of such 
a plot are illustrated in Fig. 3. It is at once 
apparent that there is an inverse curvilinear 
relationship between these two variables, a 
relationship which is independent of species 
within the mammalian group. Moreover, 
the age variations noted previously are also 
included. Samples from the rat encompass 
an age span from weanling to adult, those 
for the cat from 3 weeks of age to the 
adult, and for man, from premature infants 
to adults. The pigs were about 2 months of 


age, the frogs varied in weight from 3 to 
85 grams, and the fish were of unknown 
age. Long bones are represented in most 
instances, except for man, where skull, 
ilium, and rib are included. Jaw and verte- 
bra of the fish and the external bony plate 
of the armadillo were studied. It is of in- 
terest that values for cancellous veal bone 
also conform to the genéral trend, and even 
more challenging is the observation that 
human enamel and dentin can also be in- 
cluded. The conclusion of others** that so- 
dium content varies with skeletal site should 
be re-evaluated in the light of these findings. 

The data of Fig. 3 also reveal that the 
two nonmammalian species do not conform 
to the general trend established for mam- 
mals. These two species were deliberately 
chosen for analysis inasmuch as they ex- 
hibit serum sodium concentrations far re- 
moved from the usual mammalian level of 
140 mEq. per liter. In the frogs we studied, 
the serum sodium concentration averaged 110 
mEq. per liter and in the goose fish (Lophius 
americanus), 194 mEq. per liter. These 
species, therefore, constitute an “experi- 
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ment of nature,” for their skeletal tissues 
were laid down, and continue throughout 
life to function, in a body fluid menstruum 
possessed of an aberrant sodium concentra- 
tion. Since the frog bones contain less so- 
dium and the fish bones more sodium than 
does mammalian bone of comparable water 
content, the conclusion is permissible that 
the level of sodium in bone is in some way 
related to the extracellular fluid level of 
this ion. 

There is an additional discrepancy to be 
mentioned which has to do with a number 
of human bone samples containing large 
amounts (8 to 50 per cent by weight) of 
ether-extractable material. In contrast to 
those portrayed in Fig. 3, in which fat con- 
tent was less than 5 per cent, these high fat 
samples all contained an amount of sodium 
which placed them well above the general 
curve. This discrepancy persists even when 
the calculations are made on a fat-free basis. 
The reason for this is not known. Possi- 
bilities include undetected technical errors 
involved in fat extraction and the fact that 
adipose tissue is known to contain sodium. A 
review of the individual data of Agna* re- 
veals a similar phenomenon. This finding 
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constitutes a challenge to the generally ac- 
cepted dictum that fat-free tissues have a 
constant chemical composition. All of the 
samples of animal bone shown in Fig. 3 
contained less than 5 per cent fat by weight. 

In Fig. 4 values for radiosodium ex- 
changeability are plotted against water con- 
tent for the two species we have studied 
thus far. Here, too, there seems to be a re- 
lationship between these two variables, ex- 
changeability mounting as bone water in- 
creases. Furthermore, the same relationship 
holds for both the rat and the cat; presum- 
ably it does for man as well. It is of interest 
that a comparable situation has been re- 
ported for radiophosphorus*® and for radio- 
bromide** exchange in bone, so that the 
behavior of radiosodium in this respect may 
merely represent one aspect of a general 
phenomenon. 

The results set forth in Fig. 4 include 
animals of varying age. The previous con- 
clusions, noted above, that both sodium con- 
tent and radiosodium exchange are a func- 
tion of age may merely reflect age changes 
in bone water content. Since dental enamel 
contains only 1 to 2 per cent water while 
dentin contains about 15 per cent, it could 
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Fig. 4. Plot of radiosodium exchangeability against bone water content (2 hours post injec- 
tion). Data for the cat are individual samples, those for the rat averages of 3 to 11 animals. 
(From Forbes, G. B.: Bone Sodium and Na?? Exchange: Relation to Water Content, Proc. 


Soc. Exper. Biol. & Med. 102: 246, 1959.) 
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be predicted from Fig. 4 that radiosodium 
uptake in dentin would approximate that 
of normal adult cortical bone. On the other 
hand, extrapolation of the curve in Fig. 4 
suggests that uptake in enamel would be 
negligible. Sognnaes and co-workers*’ have 
reported that  radiosodium uptake in 
monkey tooth dentin is much higher than 
that in enamel, though, unfortunately, 
specific activity determinations were not 


done. 


NET CHANGE IN BONE SODIUM 

CONTENT 

Having once established that a consider- 
able fraction of the total body sodium resides 
in skeletal tissues and that some degree of 
radiosodium exchange does occur, the ques- 
tion can be raised as to whether skeletal 
sodium might not play a role in the general 
sodium metabolism of the body. The first 
indication that this indeed might be so came 
from the work of Bergstrom***® whose 


rather striking results stimulated a consid- 


erable amount of work in this field. These 
investigators studied the effect of acidosis 
and sodium depletion resulting from the 
intraperitoneal administration of ammonium 
chloride—glucose solution in one series of 
rats and the effects of a low sodium diet 
in another series. They reported the star- 
tling finding that an amount of sodium equal 
to 30 to 50 per cent of that originally 
present was removed from bone by this 
procedure. This meant, of course, that a 
large fraction of the skeletal sodium was 
truly labile, and it seemed to confirm the 
predictions suggested by the radiosodium 
experiments. Here, then, was a mighty res- 
ervoir of sodium which could be called 
forth by the stimulus of systemic acidosis 
and/or body sodium loss. In this sense, the 
skeleton was one vast buffer. 

Since Bergstrom’s report, a number of 
workers, including ourselves, have studied 
this problem with somewhat different find- 
ings. Although some depletion of skeletal 
sodium has been observed under a variety 
of experimental conditions, changes of the 
magnitude reported by Bergstrom have not 
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been found. Reports in the literature to date 
include decreases ranging from 0 to 15 per 
cent as a result of acidosis, hyponatremia, 
or salt depletion.*® ** *°-** A 6 per cent in- 
crease resulted from chronic sodium load- 
ing.*® 

The results of our own work, some of 
which have already been published, are 
summarized in Table VII. None of the 
changes are striking, and in some experi- 
ments no statistically significant change 
was observed. The largest decrease in bone 
sodium (8 to 10 per cent, depending on the 
method of calculation) occurred in wean- 
ling rats fed a very low sodium diet (0.011 
per cent) during a 4 week period, at the 
end of which time they had begun to lose 
weight and were hyponatremic. Sodium 
loading failed to bring about an increase in 
bone sodium content. 

In the realization that radiosodium ex- 
change is higher in young animals, deple- 
tion experiments were done in rats 30 days 
of age (Group III) with findings compa- 
rable to those in somewhat older animals. 
Evidently, it is possible to mobilize a small 
amount of sodium from bone under these 
conditions, but far less than the early re- 
ports indicated. Bergstrom*® did not remove 
the marrow from his bone samples; perhaps 
some of the changes which he observed 
actually represent changes in marrow content. 

Although the percentage losses of sodium 
from bone seem small, it must be remem- 
bered that a sizable fraction of the total body 
sodium is to be found in skeletal tissues. As- 
suming that 40 per cent of the total body 
sodium (approximately 60 mEq. per kilo- 
gram) is in bone, a 4 per cent loss would 
release 1 mEq. of sodium per kilogram of 
body weight (60 x 0.4 x 0.04) to the body 
fluids; an 8 per cent change, 2 mEq. sodium. 
The data of Cheek and associates’ for the 
rat reveal that the skeleton in this species con- 
tains 3.7 times more sodium than the total 
intracellular reserves in muscle. A 9 per 
cent decrease in bone sodium (the largest 
we have observed) would, therefore, release 
a quantity of sodium equal to one third of 
that contained in muscle cells. 
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Table VII. Net change in bone sodium 
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Change in 
bone (% Na 
content ) 





Group Species Procedure 
I Rat*é Alloxan induced diabetic acidosis -6 
II Rat?#? Young animals reared on low Na diet 8 to 10 
III Rat (70 gram) Sodium depletion by intraperitoneal glucose solution ~7 
IV Rat (175 gram) Acidosis and sodium depletion intraperitoneal NH,Cl 
glucose -3 
Vv Cat?? Intravenous acid (HCI, acetic, lactic, NH,Cl) —6 
VI Cat?? Intravenous NaCl, NaOH, NaHCO -5 
VII Cat Intravenous =? 


One ancillary finding of interest was ob- 
served in Groups I and II. Radiosodium 
exchangeability was determined in both 
control and experimental animals. The net 
decrease in bone sodium content was, in 
each instance, accompanied by an equiva- 
lent decline in exchangeability, indicating 
that the sodium lost came from the ex- 
changeable fraction. These observations lend 
support to the postulation that radiosodium 
exchange in bone has physiologic as well 
as theoretic meaning. 

At one point in our investigation we at- 
tempted to subdivide bone sodium into two 
metabolic phases: (1) “fluid” sodium repre- 
senting that amount contained within the 
chloride space; and the remainder (2) 
“crystal” sodium which was assigned to the 
inorganic portion in keeping with the 
Neumans’ theory*® of the location of sodium 
on the surface of the bone crystal. On more 
detailed study, it became evident that the 
chloride space at times exceeded total bone 
water,®® so this type of calculation, which 
is analogous to the partition of soft tissue 
sodium into intra- and extracellular phases, 
was abandoned. Consequently, the data pre- 
sented in Table VII are in terms of total 
bone sodium, or total sodium : calcium ratio. 


I should like to acknowledge the valuable as- 
sistance in this work of my former associate, 
Dr. Charles Lobeck, and that of several student 
research fellows, Drs. George Mizner and Wil- 
liam Mast and Messrs. Stanford Burday and 
Warren Hecht. 
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Angeles; P. S. Martin, Chicago Natural History 


Museum; O. R. Trautz, New York University. 
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vard Dental School, who provided the teeth, 
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theoretical and practical 
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THE NATURAL HISTORY OF 

DIABETES MELLITUS 
THE EARLY Clinical manifestations of this 
disease are well known, but thanks to exten- 
sive research and effective propaganda, the 
“typical” case of diabetes mellitus is rapidly 
becoming a rarity. We were taught not long 
ago that the first manifestation of childhood 
diabetes was either precoma or coma, since 
this was the first indication in most of the 
cases. Out of the last 20 new diabetic pa- 
tients I have seen, only 2 appeared in coma. 
The remainder showed varying degrees of 
weight loss, polydipsia, and polyuria, and 
these signs prompted the parent or physician 
to do a simple urine test for glucose. The 
detection programs, particularly those cen- 
tering around families known to include 
diabetic persons, have identified most of the 
early cases and continue to reveal, earlier 
and earlier, the incidence of this disease. 

One of the most striking manifestations 
among all of these patients was good appe- 
tite. It is interesting to note that a good 
appetite is just as much a pathologic sign as 
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a poor one, even though most persons suf- 
fering from any disease have poor appetites. 
A good appetite is highly characteristic, 
however, of 2 diseases, diabetes mellitus and 
cystic fibrosis of the pancreas. 

A less common early sign of diabetes is 
hypoglycemia.’ In the past year we have 
seen 2 cases of which the following is an 
illustration. 

A 3-year-old child suffered frequent at- 
tacks of weakness early in the morning. 
These attacks were relieved by eating. Noth- 
ing of note was revealed upon physical ex- 
amination by a doctor, and the only labora- 
tory finding was the fasting blood sugar level 
of 35 mg. per cent. A glucose tolerance curve 
done at the first admission was perfectly 
normal. The child was readmitted a few 
months later after a diet of frequent feed- 
ings high in protein and low in carbohydrate, 
because there was 1-plus glycosuria following 
meals. A glucose tolerance test then revealed 
a typical early diabetic tolerance curve with 
fasting blood sugar slightly over 100 which 
rose to slightly over 200 at the end of an 
hour and then fell back to normal. The 
mechanism of this lesion is obscure just as is 
the mechanism of the development of dia- 
betes mellitus in any form, but it offers a 
very interesting insight into a possible patho- 
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Fig. 1. Idealized variation in insulin requirement in a case of childhood diabetes. 


logic process in this disease which can be de- 
scribed by 3 terms, chronic, progressive, and 
permanent. The hypoglycemic onset men- 
tioned above may be related to a peculiar 
characteristic of diabetes, the oscillating insu- 
lin requirement, to which we were introduced 
by Dr. Hartmann. When first seen the child 
may require 5 to 6 times the dose of insulin 
that he later needs, and this requirement may 
vary cyclically throughout his life. 

Fig. 1 shows the idealized insulin require- 
ment from onset of diabetes through puberty. 
It is commonly seen that within a short time 
after the initiation of insulin therapy, the 
dosage falls drastically. We have seen pa- 
tients go from a requirement of 25 units per 
day to no need for insulin at all for several 
days to weeks. Glycosuria returns after a 
variable length of time and reinitiation of 
insulin therapy is required. The insulin re- 
quirement then climbs steadily to approxi- 
mately 20 units per day and drops again 
after an interval. The second drop is never 
as low as the first, and the cycle repeats 
itself with an ever-increasing minimum re- 
quirement for insulin. This phenomenon is 
considered to be improvement and exacerba- 
tion of the disease. In the light of much that 
is now known, it is necessary to re-examine 
our interpretation of these fluctuations. Let 


us consider the influence of the liver and of 
the adrenal gland on these phenomena. 

Fig. 2 is an anatomic diagram depicting 
the interrelations of the liver, the digestive 
tract, and the pancreas. Two points are 
clear. In the first place, all of the carbohy- 
drate entering the body through the diges- 
tive tract must pass through the liver. The 
liver is, therefore, presented with the highest 
concentration of blood-borne carbohydrate 
of any organ in the body. The second point 
is that all of the insulin secreted by the pan- 
creas must pass through the liver before it 
reaches any other organ or tissue. The liver 
is the major organ of gluconeogenesis; an- 
other organ, the kidney, also has the enzyme 
requisite to the elaboration of new glucose 
which can be released into the blood stream. 
This enzyme is glucose-6-phosphatase.? Un- 
less there is glucose-6-phosphatase activity 
in the liver, and/or the kidney, there is no 
source from which glucose can be liberated 
into the blood stream at a sufficient rate to 
maintain blood sugar levels. By a devious 
route, amylo-1-6-glucosidase,*® it is possible 
for muscle-glycogen breakdown to liberate a 
small quantity of glucose, approximately 7 
per cent of the total glycogen breakdown. 
This is probably the mechanism by which 
patients with von Gierke’s disease of the 
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glucose-6-phosphatase type can maintain 
their blood sugar to some extent.‘ It is not 
possible, however, for this mechanism to 
furnish more than a minimal requirement of 
glucose, since 14 times as much glycogen 
must break down as glucose is liberated. 

Let us consider what disease of the liver 
can do to the glucose regulating mechanisms 
of the organ. A diminution in gluconeogene- 
sis causes decreased hepatic output of glu- 
cose. Furthermore, a generalized lesion of 
the liver which results in an inability of the 
liver to destroy insulin through the insulinase 
mechanism’ could lead to a relative hyperin- 
sulinism, and the 2 mechanisms go hand in 
hand to produce a severe hypoglycemia, such 
as is seen in some cases of liver disease. Were 
we to superimpose liver disease upon the 
diabetes syndrome, a peculiar situation 
would arise. The patient would be relatively 
normoglycemic because of decreased glu- 
coneogenesis, and since one of the major in- 
sulin destroying mechanisms resides in the 
liver,> he would also be exquisitely sensitive 
to the hypoglycemic action of insulin. The 
attempt to control the diabetes could fre- 
quently result in hypoglycemia. The patient 
would, therefore, be an extremely “insulin 
sensitive” diabetic. The fluctuations in the 
diabetes would be more dependent upon the 
clinical status of the liver than upon the 
insulin dosage. If this patient had even mini- 
mal secretion of insulin because of some 
residual pancreatic activity, the disease would 
be even more variable. The so-called “brit- 
tle” category of diabetes may include a siz- 
able proportion of these cases. 

A second major factor in the control of 
the blood sugar is the function of the glu- 
cocorticoids of the adrenal glands. Through 
a fascinating and devious route involving the 
transaminases,° these hormones stimulate the 
conversion of protein to carbohydrate, and 
regulate the major source of blood sugar 
during starvation. The adrenalectomized 
animal, or the patient with Addison’s dis- 
ease, suffers from hypoglycemia, and has an 
exquisite sensitivity to insulin as a result of 
his inability to respond with glucocorticoid 
action when the blood sugar is low. The 


Diabetes mellitus 193 


same phenomenon occurs in the patient with 
severe liver disease, for in spite of normal 
glucocorticoid activity, the liver is unable to 
respond to the adrenal stimulus. 

Let us now return to the fluctuating dia- 
betes. We can interpret the periods of need 
for insulin in terms of response of the ad- 
renal glands to the demand for gluconeo- 
genesis, or response of the liver to the need 
for carbohydrate. Experimentally, one can 
demonstrate an increase in glucose-6-phos- 
phatase, the key enzyme for the synthesis of 
glucose, in the liver very shortly after the 
initiation of diabetes in an experimental 
animal.’ If, for some reason, there were a 
diminution in the activity of this enzyme, 
the patient would become “sensitive” to in- 
sulin. Likewise if the function of the adrenal 
gland were inhibited, or diminished through 
exhaustion or through some other process, 
the “sensitivity” to insulin would’ increase, 
and the requirement for insulin would di- 
minish. The experimental use of adrenal- 
ectomy to control severe diabetes* is an 
example of the therapeutic use of adrenal 
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Fig. 2. Anatomic influence on carbohydrate metab- 
olism. 
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insufficiency as a mechanism for lowering 
the blood sugar. In our analysis of the role 
of various chemical agents for the control of 
blood sugar, we must keep in mind that the 
destruction of the mechanisms for the rais- 
ing of the blood sugar will render an indi- 
vidual susceptible to minimal doses of insulin. 
In the light of the heightened insulin sensi- 
tivity in both liver and adrenal disease, let 
us consider the problem of the fluctuating 
insulin requirement of the diabetic child. 

When one observes the clinical course of 
the patients at the height and at the depth 
of their insulin requirement, he is struck by 
the fact that hypoglycemia occurs much 
more frequently during periods of lower 
insulin requirement. Weight gain, with nor- 
mal growth and body structure and sense 
of well-being, are much more evident during 
the period of higher insulin dosage. The 
diabetic patient who can generate a high 
blood sugar level can hardly have serious 
liver or adrenal insufficiency. 

These clinical clues imply some metabolic 
imbalance which may occur in the diabetic 
subject, possibly resulting from ephemeral 
liver or adrenal disease. The low insulin re- 
quirement may reflect dysfunction of the 
liver or adrenals and may not be a sign of 
transitory improvement. 

The possibility that alteration in the func- 
tion of these 2 organs may be the cause of 
fluctuations in diabetes does not preclude a 
host of other reasons for such variations. For 
example, cyclic infections of the pancreatic 
islets could cause repeated insufficiency and 
cumulative scarring. Conversely, some en- 
vironmental stimulus could result in repeated 
stimulation of the islets with eventual “ex- 
haustion.” All of the possibilities have more 
or less experimental validity. None has been 
sought exhaustively in man. Investigations 
along these lines could be fruitful. 

Clinically, the most important problem in 
diabetes appears to be the control of the 
blood sugar. This can be likened to the 
problem of the control of the temperature in 
a home in which the thermostat has been 
inactivated. The heating plant in the base- 
ment is no longer in communication with 
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the area to be heated. To remedy the situa- 
tion we can make an analysis of the previous 
year, when the thermostat was in operation, 
and come to the conclusion that during that 
year the heating plant was in operation 
approximately one-fourth of the time. Were 
we to run the heating plant for the first 3 
months of the year continuously, we would 
find that even in the depth of winter we 
would be excessively warm, but that for the 
rest of the year, the temperature in the 
house would be rather uncomfortable. We 
could then correct our application of the 
knowledge that the furnace was on for one- 
fourth of the time by putting it on for every 
fourth day. Again the heat would be un- 
evenly distributed throughout the year. 
Were we even to put it on 15 minutes of 
every hour, we would discover that at prac- 
tically no time during the year would we 
have an adequate control of the tempera- 
ture. The diabetic patient is in the same 
condition, and much more seriously so. At 
no time, and I wish to emphasize this, at 
no time do we have clear information im- 
mediately of exactly how much insulin he 
requires. This is obvious if we consider the 
many forces operating on the normal indi- 
vidual throughout the day (Fig. 3). During 
sleep the demand for glucose is very low, and 
hormonal factors which tend to produce 
increases in the blood sugar are minimal. 
This is manifest even in the diabetic, whose 
blood sugar drops overnight. When the 
alarm clock rings, and the use of the word 
“alarm” is particularly significant, the or- 
ganism is galvanized into action, the blood 
pressure goes up, and the individual’s blood 
sugar begins to rise because of the glyco- 
genolytic action of epinephine. As the blood 
sugar rises, liberation of insulin takes place 
and utilization of carbohydrate tends to 
force the blood sugar down. (We may in- 
terpret this as the hunger that is felt shortly 
after awakening. We do not wake up hungry, 
but become hungry as we begin our daily 
activity.) Breakfast places a load of carbo- 
hydrate in the gastrointestinal tract and this 
tends to raise the blood sugar. As the blood 
sugar begins to rise, insulin secretion again 
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Fig. 3. Diagrammatic normal diurnal blood sugar, insulin secretion, and duration of insulin 
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Fig. 4. Daily blood sugar curve of a diabetic 


takes place during the time that the blood 
sugar rises above a critical level that is 
characteristic for the individual. Since in- 
sulin lasts for several hours in the body,® its 
effect continues after its active secretion 
ceases. It is therefore countered with epi- 
nephrine. This is the phenomenon we see at 
the end of the glucose tolerance curve and 
designate as the Staub-Traugott effect. This 
series of fluctuations in the blood sugar does 


EXERCISE 
patient. 


not resemble the curve in Fig. 4 in which the 
events in the diabetic’s day are depicted. 
With the alarm a certain outpouring of glu- 
cose occurs, but there is no compensatory 
insulin secretion, so that from the moment 
of arising, the diabetic’s blood sugar level 
begins to rise. It is only when exogenous 
insulin is administered that a fall in the 
blood sugar level occurs. The insulin which 
is administered, however, may be in one of 
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several forms. If it is a fast-acting insulin, it 
remains active for approximately 4 to 6 
hours. This requires, after its effect has been 
manifest, a secretion of epinephrine and ad- 
renal hormones to counteract its hypogly- 
cemic effect which continues for some time 
after the digestion and absorption of car- 
bohydrate has taken place. If it is a longer- 
acting insulin, it remains throughout the 


day, requiring a continual outpouring of 


counteracting hormones as soon as the blood 
sugar drops to within normal limits, or 
possibly when the blood sugar drops pre- 
cipitously. Exercise in the diabetic as well as 
in the normal person leads to an increased 
consumption of glucose by muscle, inde- 
pendent of insulin.’® Variable exercise un- 
dertaken by the diabetic patient makes it 
virtually impossible to gauge the proper 
amount of insulin required on exercise days 
and on nonexercise days. If we analyze these 
phenomena, we do not come to a clear 
conclusion about the nature of the diabetic 
lesion, but we can gain insight into the 
formidable problem we face in trying to reg- 
ulate the blood sugar of a diabetic individual 
to maintain it within normal limits without 
putting undue demands upon the fragmen- 
tary regulatory system remaining. It is not 
astonishing that the diabetic has a shorter 
life expectancy and tends to develop the 
diseases of degeneration more rapidly than 
the normal individual. He is subject to far 
greater stress. 

This lack of information about the exact 
need of the diabetic, coupled with the neces- 
sity for injecting large quantities of insulin 
at one time rather than small amounts as 
needed, which would be more in accord with 
physiologic conditions, results in the con- 
tinued attrition of the patient. 

As a corollary to this we may consider the 
relation of the severity of the diabetes and 
the control of diabetic symptoms with the 
incidence of complications. The story of the 
patient with mild diabetes who appears for 
the first time with minimal disease, and 
severe complications such as arteriosclerosis, 
retinal changes, and neuropathy, is too fre- 
quent to permit us to be dogmatic about the 
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direct relation between severe, uncontrolled 
diabetes, and complications. The selection of 
the patient group which is reported is also 
critical to the nature of the results obtained. 
It is no difficult task to regulate most cases 
of diabetes so that little or no glucose is 
excreted and so that the blood sugar remains 
within reasonably normal limits. A certain 
percentage of cases of diabetes, however, are 
extremely difficult to regulate. In the hands 
of a devotee of rigid control, these cases show 
marked fluctuations and appear as “brittle” 
diabetes. The difficulty in controlling these 
patients frequently leads to conflict between 
the parent and the physician, resulting in 
the removal of the patient from the care of 
the particular physician. This person then 
becomes a patient of a physician who does 
not insist upon rigid control. Through the 
years one finds this selection, so that patient 
groups can be differentiated in relation to 
the percentage which are difficult to control. 
Those doctors who do not insist upon rigid 
control have more of the “difficult patients” 
than those who insist upon rigid control, 
merely through this secondary mechanism of 
involuntary selection. If there is some rela- 
tion between severity of the diabetic lesion, 
variability of the blood sugar, and the com- 
plications of diabetes, the patients of the 
physicians who do not insist upon rigid con- 
trol will probably have more complications. 
This does not mean that rigid control pre- 
vents complications; it may only prevent the 
inclusion of patients with complications in 
certain series. The consensus of contemporary 
observers leads to the conclusion that there 
is some correlation between the severity of 
the carbohydrate lesion in diabetes mellitus 
and the incidence of complications, but there 
is no evidence that a patient uncontrollable 
by one capable clinician will be “adequately” 
controlled by another. 

These observations on the natural history 
of diabetes mellitus do not furnish a clue as 
to the mechanism of the disease. In fact, one 
may say that diabetes has been studied by 
more scientists than any other disease known 
to man, yet the mode of action of insulin 
today is still obscure. I should like, therefore, 
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to turn to some studies concerning the mech- 

anism of action of insulin and try to relate 

them to the nature of the clinical lesion. 
THE MECHANISM OF INSULIN 


In order to determine what insulin does, 


it is necessary to observe the events which 


transpire in the animal deprived of insulin. 
It is to a certain extent regrettable that 
Minkowski and Von Mering, in studying 
their pancreatectomized animals, had access 
to methods for measuring the blood and 
urine sugar, for diabetes mellitus then be- 
came known as a disease primarily of car- 
bohydrate metabolism. It was not until many 
years later that it was recognized that serious 
abnormalities in the formation of protein, 
fat, and cholesterol also were part of the 
syndrome of diabetes." Indeed, the severity 
of these latter lesions is far greater, and of 
much more vital significance to the organism, 
than is the severity of the carbohydrate 
abnormality. One might say that the carbo- 
hydrate lesion in diabetes is an indicator of 
the disease, rather than the actual disease 
itself. 

Let us review the sites at which insulin 
appears to exert its effect in the organism. 
In order to do this it is necessary to refer to 
the over-all scheme of carbohydrate metab- 
olism and to show its interrelation with fat 
and protein synthesis and breakdown. Fig. 5 
represents a schematic diagram of the vari- 
ous pathways of fat, protein, and carbohy- 
drate metabolism. A vast amount of experi- 
mental work has established the existence of 
certain abnormalities of this scheme in ani- 
mals deprived of insulin. These defects can 
be brought back to normal by the administra- 
tion of insulin. It can be seen that anaerobic 
carbohydrate metabolism terminates at a 
compound, acetyl coenzyme A, which repre- 
sents a crossroads of metabolism. Both fat 
and protein also feed into this point, so that 
the final common path of oxidative catab- 
olism is acetyl coenzyme A. This compound 
reacts with one of the members of the Krebs 
cycle to produce citric acid, which is further 
metabolized through the Krebs cycle in such 
a manner that the 2 carbons which were 
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Fig. 5. General metabolic pathway for basic food- 
stuffs and various sites at which insulin appears 
to exert an effect. 


added to the cycle in.the form of acetyl CoA, 
appear as carbon dioxide in a single turn of 
the cycle. It is further noteworthy that 
acetyl CoA can condense with itself to form 
acetoacetyl CoA, which can decompose to 
acetoacetate. Fat, protein, and carbohydrate 
may contribute to the formation of aceto- 
acetic acid. All are able, therefore, to con- 
tribute to diabetic acidosis. 

The patient or animal deprived of insulin 
shows abnormalities in this general metabolic 
scheme at many points. These multiple ab- 
normalities have lent great confusion to the 
problem of defining the actual site of action 
of insulin. The dotted line (Site 1, Fig. 5) 
represents the cell membrane. There is no 
doubt that insulin increases cellular perme- 
ability to glucose and similar carbohydrates,’* 
and indeed to many other substances. This 
diminished permeability can be improved by 
insulin both in vitro and in vivo. Glucose-6- 
phosphatase (Site 2), the enzyme which 
forms glucose, increases sharply in the ani- 
mal made diabetic by removal of the pan- 
creas or by treatment with alloxan which 
destroys the insulin-secreting cells of the 
pancreas.’ This increase in glucose-6-phos- 
phatase is reversed in vivo by insulin, but 
not in vitro. 

Turning to the synthesis of fat and choles- 
terol we find that early in the course of the 
diabetic lesion there is a shift from the 





198 Bessman 


synthesis of fat to the synthesis of cholesterol 

Site 3). Fat synthesis diminishes practically 
to zero, whereas cholesterol synthesis in- 
creases above normal.'* This switch from fat 
to cholesterol synthesis is a major character- 
istic of the diabetic liver and can also be 
reversed by the administration of insulin in 
vivo. The Krebs cycle (Site 4), in which 90 
per cent or more of the energy generated 
through oxidative metabolism is produced, 
is also subject to severe limitation during 
insulin lack.'* The ATP formation, which 
takes place through oxidation in this cycle, 
is diminished considerably in the diabetic. 
As a result of this diminution of energy gen- 
eration throughout all the cells of the body, 
protein synthesis is also impaired, as is 
detoxication of many drugs which require 
ATP for the detoxication process. For ex- 
ample, acetylation of sulfonamides is dimin- 
ished in the diabetic.’° As was stated above, 
there are severe lesions of carbohydrate, fat, 
and protein synthesis in the diabetic patient, 
who may be said to have a disease of anab- 
olism.'' It is probably difficult for the dia- 
betic to synthesize macromolecules of any 
kind. A number of subtle lesions such as 
diabetic neuropathy and arteriosclerosis may 
be the result of the interplay of these ana- 
bolic deficiencies. 

In addition to these general abnormalities, 
there is a peculiar form of vitamin deficiency 
which might occur in the diabetic. Although 
the vitamin intake of the diabetic may be 
normal or even better than normal, there are 
no vitamins which are utilizable as such, 
except, perhaps, ascorbic acid. All other vi- 
tamins must be converted to their active 
forms through anabolic action utilizing ATP. 
If this conversion of the vitamin to its active 
form does not take place, the net result is 
the same as vitamin deficiency. An example 
of this is the beriberi type of heart disease 
found in thyrotoxicosis, in which dietary 
vitamin B, may be normal, but the patient 
cannot convert it to cocarboxylase. This 
coenzyme is also impaired in diabetes,’* 
probably because of defective ATP genera- 
tion. If we review all of the enzymatic 
deficiencies in diabetes, it becomes rather 
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difficult to define a particular site as the 


point at which insulin exerts its action. 
\ 


.\ The most popular current theory is that 


insulin affects the passage of carbohydrate 
across the cell membrane by a direct action 
upon some mechanism within the mem- 
brane.'* ** '* The diabetic is, therefore, con- 
sidered to suffer from intracellular carbohy- 
drate starvation. 

It is an attractive theory and much evi- 
dence has been adduced which shows that, in 
the presence of insulin, carbohydrates with a 
structure similar to that of glucose, do indeed 
penetrate the cell membrane much more 


rapidly than in its absence. It was Levine’* 


who first showed, using the whole animal, 
that insulin stimulated the movement of 
galactose (as a model carbohydrate) into the 
intracellular space of animals. Experiments 
with the diaphragm** and with the beating 
heart of rats corroborated these observations 
and extended them to many other substances, 
including ions, amino acids, and abnormal 
amino 


analogues of carbohydrates and 


acti. ™ * = 

The implication that cellular starvation for 
carbohydrate is the underlying cause of dia- 
betes makes this hypothesis untenable as an 
explanation of the direct action of insulin. 
For example, the output of glucose from the 
liver is usually much greater than the input 
of glucose into the liver and is inhibited by 
insulin.** Were the effect of insulin exerted 
upon the cell membrane stimulating the 
uptake of glucose, we could not explain the 
hepatic derangement of the diabetic. The 
trouble with the diabetic liver is that it puts 
out glucose in excess. As a result of this para- 
dox the proponents of any theory of insulin 
effect upon permeability must make supple- 
mentary theories which include either a dif- 
ferent action of insulin upon the liver, or the 
flat assumption that insulin has no direct 
effect upon the liver. Clinical experience 
negates the latter, and logic compels us to 
seek a uniform action of insulin upon all of 
the tissues. 

If the sole function of insulin were the 
stimulation of the uptake of glucose by cells, 
then any substance which could enter the 





Volume 56 Number 2 


cell without insulin and be converted to 
* glucose phosphate should be capable of amel- 
iorating, and even curing, the diabetic lesion. 
Such a material is fructose. Fructose is 
utilized normally in diabetes; that is, it dis- 
appears from the blood as rapidly in the 
diabetic as in the normal individual. Past 
experiments from Dr. Hartmann’s** labora- 
tory and from other research centers have 
shown that diabetes cannot be regulated 
upon a diet in which the carbohydrate is a 
completely metabolizable material such as 
fructose without insulin. There is no doubt 
that it enters the cells in the diabetic indi- 
vidual, and that it is utilized. It does not heal 
the lesion, however. We must, therefore, go 
beyond the cell membrane for an explanation 
of the site or mode of action of insulin. 

There are other paradoxical phenomena 
which make it difficult to interpret the role 
of insulin. For example, the brain requires 
no insulin for utilization of carbohydrate.** 
In severe diabetes, with relatively complete 
lack of control in which the blood sugar 
rises to enormous heights, there is no loss of 
consciousness nor any measurable alteration 
in cerebral function until severe diabetic 
acidosis and ketosis develop. Furthermore, 
the exercising muscle does not require insulin 
to utilize glucose’’; only the muscle at rest 
requires insulin. Unless we postulate another 
mechanism for glucose utilization in activity, 


one which requires no insulin, we are hard 


put to explain why permeability changes in 
the exercising muscle just as if it were treated 
with insulin. 

The intermediates of the Krebs cycle are 
not utilized as well in the diabetic tissue as in 
the normal tissue.*° The permeability theory 
of insulin action, therefore, does not describe 
a mechanism of insulin action, but the result 
of insulin action. That is, following treatment 
with insulin the permeability of tissues to 
carbohydrate, amino acids, and many other 
substitutes increases. This is all that we can 
say about the role of insulin in permeability. 

Studies were instituted in our laboratory 
directed at a critical experiment to determine 
whether insulin stimulated the synthesis of 
glycogen in muscle tissue, an effect known to 
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occur in vivo by “permitting” the cell to take 
up glucose, or whether its effect was more 
directly upon some mechanism involved in 
the enzymatic synthesis of glycogen. If insulin 
stimulates permeability alone by increasing 
the membrane uptake of glucose, and all of 
the subsequent events which lead to the 
synthesis of glycogen are the result of the 
appearance of free glucose within the cell, 
then destruction of the cell membrane, which 
permits glucose to enter the interior of the 
cell, should eliminate the need for insulin. An 
experiment of this type was performed by 
Liebecq** in Belgium. The diaphragm muscle 
of rats was cut into many small pieces, so 
that each individual muscle fiber was tran- 
sected many times. This converted the long 
muscle cells into short tubules which were 
presumably open at the ends, permitting the 
free diffusion of glucose or other carbohy- 
drate into the interior of the cell. When this 
was done, it could be shown that glucose was 
taken up by the cells, with or without in- 
sulin, if the pieces of cell.were sufficiently 
small. We repeated and confirmed this ob- 
servation. It can be shown that when pieces 
of diaphragm are cut smaller than 2 to 3 
mg. sq., the cellular uptake of xylose, a model 
sugar, is independent of the insulin in the 
We added one variation to the 
experiment of Liebecq. In addition to xylose, 


medium.” 


we added glucose, and measured both the 
intracellular concentration of xylose and the 
formation of glycogen in these small pieces. 
It soon became clear that although xylose 
penetrated the tissues with ease, without the 
need for insulin to stimulate its entry into 
these small pieces, the formation of glycogen 
was dependent upon the presence of insulin. 
Since xylose was already present within the 
interior of the cell, even in the tissues that 
were not treated with insulin, it can be as- 
sumed that glucose also penetrated these 
tissues, because the penetration of xylose and 
glucose occurs in a similar manner in all 
tissues. Therefore, the fragments of cells con- 
tained glucose, but these fragments did not 
synthesize it into glycogen until insulin was 
added. This was evidence for an intracellular 
mode of action of insulin. The data of a typi- 
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Fig. 6. Uptake of xylose and formation of glyco- 
gen by small fragments of rats diaphragm muscle. 
The solid lines represent insulin-treated specimens 
and the dashed lines are control values. 
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Fig. 7. Insulin effect on inhibition of glycogen 
breakdown in homogenized (cell-free) muscle, 
showing that insulin does not act on glycogen 
metabolism through an effect on cell membrane 
permeability. 


cal experiment are shown in Fig. 6. 

This evidence for an intracellular action 
of insulin led us to experiments with homog- 
enates of various muscles in order to demon- 
strate a possible effect of insulin upon glyco- 
gen synthesis. We were successful in showing 
an effect of insulin upon the metabolism of 
glycogen in homogenates of pigeon breast 
muscle. 

Fig. 7 shows the data on 10 experiments in 
which glycogen disappearance in homoge- 
nates of pigeon breast muscle was followed 
over several hours in the presence and in 
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the absence of insulin.** In an attempt to 
explain the manifold effect of insulin on all 
pathways of anabolism and to connect it with 
carbohydrate utilization, the following hy- 
pothesis was proposed.*® It was postulated 
that insulin acts to connect the first step of 


* clucose utilization, the hexokinase or gluco- 


kinase reaction, with the oxidative metabo- 
lism of the mitochondrion through the well- 
known “acceptor” effect,*° in which ATP 
must be removed from the mitochondrion by 
hexokinase or by a similar reaction, in order 
for the mitochondrion to function normally. 
Thus insulin acts like a bridge or connecting 
link between an enzyme, hexokinase, and a 
particle, the mitochondrion, within the cell 
(Fig. 8). This role of insulin would be in the 
nature of an organizer of intracellular reac- 
tions so that the soluble enzymes could be 
oriented in relation to the particles on which 
synthesis takes place. Other peptide hor- 
mones probably could attach other enzymes 
to particles, contributing an easily regulatable 
organization to the intracellular substance. 

This proposed role of insulin explains a 
number of physiologic phenomena. Insulin is 
not required for the metabolism of carbohy- 
drate by brain, and the brain is the only 
organ in the body in which the major part of 
the glucokinase is connected to the mito- 
chondria.** In all other organs the gluco- 
kinase is not connected to these particles. 

A second anomaly ~consistent with this 
mechanism is the phenomenon of exercise. 
The exercising muscle can utilize glucose 
even in the diabetic person. Insulin is not 
necessary to this function as it is in the resting 
muscle. In the exercising muscle the turnover 
of creatine to creatine phosphate is very 
rapid; the original “acceptor reaction” is the 
creatinine kinase reaction.*? During exercise 
creatine kinase is active and provides the 
mitochondria with an acceptor reaction 
which they do not have at rest. The hexo- 
kinase reaction is necessary at rest, for the 
creatine kinase system is then inactive. This, 
then, is a hypothesis on the mechanism of 
action of insulin. Much work remains to 
demonstrate its validity. It is, however, able 
at present to explain all of the recognized 
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physiologic phenomena revolving about the 
relation of insulin to the biochemical proc- 


esses. 


THERAPEUTIC IMPLICATIONS 

Certain questions are raised by the fore- 
going discussion of some of the practical and 
theoretic aspects of diabetes mellitus. In the 
first place, we should like to know what we 
can expect, in terms of control of diabetes, 
using our current techniques and those of the 
foreseeable future. In view of the fact that 
the normal secretion of insulin is regulated 
endogenously, whereas in the diabetic the in- 
sertion of the hypoglycemic agent occurs ar- 
bitrarily, we cannot expect to obtain the pre- 
cision of control in the diabetic that we find 
in the normal individual. Consequently, we 
can expect a much wider range of fluctuation 
both above and below the normal blood 
sugar range in the diabetic. We must guard 
against the serious episodes of hypoglycemia 
by maintaining a constant intake of carbo- 
hydrate. When the intake of carbohydrate 
diminishes, the likelihood of acute hypoglyce- 
mia increases. If the rate of exercise changes 
markedly from time to time, we can expect 
considerable fluctuation which must be dealt 
with as it arises. Illness, in general, produces 
an increased demand for insulin, although, in 
our case material, we have seen a number of 
patients in whom the demand for insulin 
diminished during acute episodes. In_ less 
than half the cases of childhood diabetes will 
we be able to maintain the patient on a regi- 
men of diet and insulin which will keep his 
blood sugar within a range that will produce 
neither glycosuria nor hypoglycemia without 
constant variation of the dose of insulin in 
response to the vicissitudes of life. 

The second question, and one which is 
particularly pertinent today, is a question of 
the likelihood of oral hypoglycemic agents 
replacing insulin. The theoretic considera- 
tions which I have mentioned lead to a 
considerable degree of skepticism concerning 
the possibility in the foreseeable future of the 
development of a substance to be adminis- 


tered orally which can behave like insulin. 
The “insulin-like” materials, that is, modi- 
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Fig. 8. Proposed mechanism of insulin action—the 
connection of hexokinase to the mitochondrion, to 
furnish an “acceptor.” 


fications of insulin which have been pre- 
pared by altering the structure of insulin 
even to a slight degree, have invariably been 
considerably less active than insulin and 
have, in fact, usually been inactive. There is 
a possibility that a simple peptide with a 
structure similar to insulin can be synthesized 
to perform like insulin. This is a formidable 
task. 

On the other hand, there are 2 groups of 
substances which lower the blood sugar in 
the diabetic. The first group consists of the 
sulfonylureas, of which the typical example 
is tolbutamide. This group of substances ap- 
pears to act through stimulation of the in- 
sulin-secreting mechanism, and requires some 
portion of the pancreas to be functional.** 
These substances are not active in the child- 
hood cases of diabetes.** The second group of 
substances resembles the diguanidines which 
were tested in 1926.*° The prototype is DB-1. 
These substances act upon the liver, appar- 
ently inhibiting the formation of carbohy- 
drate. The diguanidines inhibit oxidation by 
tissues,** and recently DB-1 has been shown 
to behave in a similar manner.*’ Other sub- 
stances which inhibit liver function more or 
less also cause hypoglycemia in the diabetic. 
It is questionable that an inhibitor of liver 
metabolism is a desirable substance with 
which to treat diabetes. 

The reports of 25 per cent toxic or “side” 
reactions with the guanidine compounds 
certainly are not encouraging.** It is danger- 
ous to rely upon | or 2 years of experience 
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with a drug which exerts a potent effect 
upon the liver and which might, after inges- 
tion over the 50 to 60 year life expectancy of 
a child with diabetes, exert an irreversibly 
toxic action upon the liver. We are on the 
threshold of extensive experimentation with 
chemical compounds which can lower the 
blood sugar. Many of these, such as salicyl- 
ate, have been known for years. It is interest- 
ing to note that practically every compound 
which combines with amino acids to form 
colored complexes can cause hypoglycemia. 


Such substances as alloxan, urea, uric acid, 


orthophenanthroline, ninhydrin, and _isatin 
3 ° 


have been shown to be effective in this man- 
ner. From this list and from the wide varia- 
tion in structure, we can infer that there will 
be a galaxy of new compounds to be tried as 
oral hypoglycemic agents in the treatment of 
diabetes. We must keep in mind that this 
irrational approach may conceivably produce 
something of value to the childhood diabetic. 
For us, however, this oncoming flood of oral 
hypoglycemic agents will demand the utmost 
in fortitude to withstand the demands of 
patients sparked by the lay press. It must 
always be kept in mind that the surest way to 
lower the blood sugar in the diabetic patient 
is to remove his liver. 
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FOURTEEN years ago, Govan and Dar- 
row' added potassium to the fluids used in 
the treatment of infantile diarrhea. With 
further experience, a plan of therapy* was 
described based on the measurements of the 
retentions of water, sodium, chloride, and 
potassium during recovery.*»* While the 
plan takes account of the degree of dehydra- 
tion estimated from history and physical 
examination, little consideration is given 
to the differing deficits of electrolytes indi- 
cated by the serum electrolyte concentra- 
tions. Nevertheless, it has been noted that 
the type of change in serum electrolyte 
predicts the probable deficits more accu- 
rately than do the average losses based on 
the retentions during recovery in the few 
infants studied. 

The physiologic interpretation of the 
changes in body composition was reviewed 
recently.® Both the older work,® which in- 
terpreted serum electrolytes largely in terms 
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of extracellular fluids, and the contempo- 
rary concepts, which bring into view the 
intracellular alterations, recognize the fol- 
lowing 3 types of change in body composi- 
tion: (1) hyponatremia, (2) hypernatremia, 
and (3) metabolic acidosis. Hyponatremia 
is produced by loss of sodium and little or 
no change in body water. As was pointed 
out by Darrow and Yannett,’ the appear- 
ance of dehydration depends on the trans- 
fer of extracellular water to the cells in 
hyponatremia. Hypernatremia is produced 
by loss of water and little or no change in 
body sodium. In fact, marked hypernatre- 
mia is likely to occur when body Na and Cl 
are both high. Metabolic acidosis is not di- 
rectly related to serum Na concentration. 
The acidosis may be considered a change 
in the electrolyte pattern of the serum that 
occurs at all Na concentrations owing to 
retention of hydrogen ions. Actually, hy- 
drogen ion concentration changes very little 
because retained hydrogen ions donate pro- 
tons to the buffers. Restoration of acid- 
base equilibrium is attained by replacing 
the deficits of Na, Cl, K, and water. This 
replacement enables the kidneys to excrete 
hydrogen ions and may add _ bicarbonate 
which accepts protons from the buffers. The 
reduction in serum bicarbonate concentra- 
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Treatment of diarrhea in infants 


Table I. Number of concentrations at indicated levels* 





Na (104) 115 120 125 130 135 140 
No. 2 16 32 


C1( 104) 80 c : 100 105 
No. : 7 23 16 


HCO; (98) : ; 25 30 
No. 27 2. é 16 4 


K (84) ; 5 6 7 
No. 25 37 16 1 


110. «115 125 130 135 
3 


145 150 160 165 170 
3 


16 14 5 


21 10 14 I 





*The range of concentrations in mEq. per liter for each item include the concentration heading the column and those above 


the concentration of the previous column. The 


tion in acidosis may be accompanied by a 
decrease in serum Na concentration relative 
to chloride, or increase in chloride con- 
centration relative to Na. In the former, a 
deficit of Na dominates the picture while 
in the latter an excess of chloride may be 
present. In either case, deficits of K occur 
to a greater or lesser extent in almost all 
cases of infantile diarrhea. The extent of 
the deficits depends on volume changes as 
well as alterations in concentration of Na 
and Cl in extracellular fluids and the losses 
of K from cells. 

The charts of 307 cases of infantile diar- 
rhea treated in the Children’s Mercy Hospi- 
tal in the past 2 years have been reviewed 
in order to determine the relative inci- 
dence of hyponatremia, hypernatremia, and 
severe acidosis. In 105 cases in 102 patients, 
serum electrolyte concentrations were es- 
timated on admission. Examination of the 
histories and electrolyte concentrations in- 
dicated that 18 were relatively mild while 
the rest showed serious disturbances. There 
were many patients with severe diarrhea 
treated without serum electrolyte deter- 
minations; all but 1 survived. In this case, 
the patient died within 2 hours of admis- 
sion. The patients on whom serum electro- 
lytes were determined do not accurately 
represent the 307 patients as a whole. The 
105 examples represent a selected group 
heavily weighted with cases of marked de- 
hydration due to infantile diarrhea. 

Table I shows the distribution of the con- 
centrations of sodium, chloride, bicarbonate, 
and potassium. The concentrations of K 


number of determinations of electrolyte is shown in brackets. 


need no comment other than to point out 
that only 5 of 84 estimations were below 
3 mEq. per liter and only 17 were over 
6 mEq. per liter. Of 104 estimations of Na, 
only 15 were below 131 mEq. per liter; 78 
were between 130 and 151; 11 were over 
150. In other words, severe hyponatremia 
and severe hypernatremia were not very 
common in this group. Sodium concentra- 
tions between 135 and 145 are usually well 
tolerated where there is no dehydration. Al- 
though concentrations of Na above 145 mEq. 
per liter are abnormal, dangerous symptoms 
and cerebral complications from hyperna- 
tremia alone seldom, if ever, develop unless 
the concentrations are over 150. At the other 
end of the normal distribution, Na con- 
centrations between 130 and 136 are ab- 
normally low, but seldom produce serious 
symptoms unless dehydration or acidosis is 
also present. Nevertheless, many of the most 
serious cases occurred with Na concentra- 
tions between 130 and 150 mEq. per liter. 
In these cases, serious acidosis or dehydra- 
tion or both were present. Those with hypo- 
natremia (Na below 130) were all re- 
garded as seriously ill but responded rapidly 
to fluid therapy. Those with hypernatremia 
(Na over 150) were also regarded as se- 
riously ill and responded well to treatment 
in most cases, though less rapidly than 
those with hyponatremia. 

Regarding the normal chloride concentra- 
tions as distributed between 95 and 106 
mEq. per liter, 39 of the 103 patients had 
concentrations in this range. Only 13 were 
below 95. As would be expected, the Na 
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of extracellular fluids, and the contempo- 
rary concepts, which bring into view the 
intracellular alterations, recognize the fol- 
lowing 3 types of change in body composi- 
tion: (1) hyponatremia, (2) hypernatremia, 
and (3) metabolic acidosis. Hyponatremia 
is produced by loss of sodium and little or 
no change in body water. As was pointed 
out by Darrow and Yannett,’ the appear- 
ance of dehydration depends on the trans- 
fer of extracellular water to the cells in 
hyponatremia. Hypernatremia is produced 
by loss of water and little or no change in 
body sodium. In fact, marked hypernatre- 
mia is likely to occur when body Na and Cl 
are both high. Metabolic acidosis is not di- 
rectly related to serum Na concentration. 
The acidosis may be considered a change 
in the electrolyte pattern of the serum that 
occurs at all Na concentrations owing to 
retention of hydrogen ions. Actually, hy- 
drogen ion concentration changes very little 
because retained hydrogen ions donate pro- 
tons to the buffers. Restoration of acid- 
base equilibrium is attained by replacing 
the deficits of Na, Cl, K, and water. This 
replacement enables the kidneys to excrete 
hydrogen ions and may add _ bicarbonate 
which accepts protons from the buffers. The 
reduction in serum bicarbonate concentra- 
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Table I. Number of concentrations at indicated levels* 





Na (104) 115 120 2° : 135 140 
No. 2 16 32 
Cl( 104) 80 85 ¢ : 100 105 
No. 2 : 23 16 


HCO, (98) q 2 , a 30 
No. 27 2: 25 j 4 
K (84) : : : : 7 
No. 25 : 1 


145 150 155 160 


110 «115 
21 10 2 14 3 1 


165 170 
16 14 l 5 3 


120 130 135 





*The range of concentrations in mEq. per liter for each item include the concentration heading the column and those above 
the concentration of the previous column. The number of determinations of electrolyte is shown in brackets. 
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decrease in serum Na concentration relative 
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centration relative to Na. In the former, a 
deficit of Na dominates the picture while 
in the latter an excess of chloride may be 
present. In either case, deficits of K occur 
to a greater or lesser extent in almost all 


cases of infantile diarrhea. The extent of 
the deficits depends on volume changes as 
well as alterations in concentration of Na 
and Cl in extracellular fluids and the losses 
of K from cells. 

The charts of 307 cases of infantile diar- 
rhea treated in the Children’s Mercy Hospi- 
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severe acidosis. In 105 cases in 102 patients, 
serum electrolyte concentrations were es- 
timated on admission. Examination of the 
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treated without serum electrolyte deter- 
minations; all but 1 survived. In this case, 
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sion. The patients on whom serum electro- 
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105 examples represent a selected group 
heavily weighted with cases of marked de- 
hydration due to infantile diarrhea. 

Table I shows the distribution of the con- 
centrations of sodium, chloride, bicarbonate, 
and potassium. The concentrations of K 


need no comment other than to point out 
that only 5 of 84 estimations were below 
3 mEq. per liter and only 17 were over 
6 mEq. per liter. Of 104 estimations of Na, 
only 15 were below 131 mEq. per liter; 78 
were between 130 and 151; 11 were over 
150. In other words, severe hyponatremia 
and severe hypernatremia were not very 
common in this group. Sodium concentra- 
tions between 135 and 145 are usually well 
tolerated where there is no dehydration. Al- 
though concentrations of Na above 145 mEq. 
per liter are abnormal, dangerous symptoms 
and cerebral complications from hyperna- 
tremia alone seldom, if ever, develop unless 
the concentrations are over 150. At the other 
end of the normal distribution, Na con- 
centrations between 130 and 136 are ab- 
normally low, but seldom produce serious 
symptoms unless dehydration or acidosis is 
also present. Nevertheless, many of the most 
serious cases occurred with Na concentra- 
tions between 130 and 150 mEq. per liter. 
In these cases, serious acidosis or dehydra- 
tion or both were present. Those with hypo- 
natremia (Na below 130) were all re- 
garded as seriously ill but responded rapidly 
to fluid therapy. Those with hypernatremia 
(Na over 150) were also regarded as se- 
riously ill and responded well to treatment 
in most cases, though less rapidly than 
those with hyponatremia. 

Regarding the normal chloride concentra- 
tions as distributed between 95 and 106 
mEq. per liter, 39 of the 103 patients had 
concentrations in this range. Only 13 were 
below 95. As would be expected, the Na 
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concentrations were low in these cases. 
Fifty-three showed chloride concentrations 
over 105. The highest values occurred with 
hypernatremia, but very high concentra- 
tions (120 to 130) were frequent when Na 
concentrations did not deviate strikingly 
from normal. Twenty of 88 bicarbonate de- 
terminations were above 20 mEq. per liter. 
The remaining patients showed definite 
metabolic acidosis. These data indicate that 
body content of chloride is likely to be nor- 
mal or even high in the acidosis of in- 
fantile diarrhea. When this is the case, defi- 
cits of Na and K accompany the acidosis. 
In hypernatremia, however, the acidosis 
may be accompanied by relative excess of 
Cl and deficit of K when body Na is high 
or normal. When serum Na is normal or 
low, deficits of Cl, Na, and K are present. 

Because of the recent interest in hyper- 
natremia,*""® the cases with sodium con- 
centrations over 150 mEq. per L. are listed 
in Table II. This table shows the age, the 
duration of diarrhea before treatment, the 
fluids or food given before treatment for 
hypernatremia, the result, and the serum 
electrolyte concentrations. The intravenous 
fluids are calculated to replace electrolyte 
and water with 60 to 80 ml. of Hartmann’s 
lactate-Ringer’s solution and 40 to 20 ml. 
of glucose in water per kilogram of body 
weight in severe cases. In addition, main- 
tenance fluids are added calculated as 120 
ml. of glucose in water, 30 ml. of Hart- 


Table II. Patients with hypernatremia 
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mann’s lactate-Ringer’s solution, and 2 mM. 
of KCl per 100 calories. Since caloric ex- 
penditure is 70 to 80 per kilogram per day 
in fasting infants, this is equivalent to 100 
to 125 ml. per kilogram daily. Accordingly, 
those with severe cases received 200 to 250 
ml. of fluid per kilogram during the first 24 
hours. The fluid contained a little less than 
the Na concentration of half strength physi- 
ologic saline solution. The intake of K was 
3 to 5 mM. per kilogram. Unless diarrhea 
continued to be voluminous and watery, 
parenteral fluids were but little more than 
the maintenance fluids on _ subsequent 
days. Parenteral fluids were usually con- 
tinued for 2 days, but occasionally were ex- 
tended for 3 to 5 days. When parenteral 
fluids were discontinued, the rate of injec- 
tion was reduced and glucose in water or 
Lytren was offered orally at about 150 ml. 
per kilogram daily. When the oral fluids 
were well taken, parenteral fluids were 
stopped. Food was started with the usual 
infant milk mixtures diluted to one-fourth 
or one-half strength, offering 150 ml. per 
kilogram daily. Gradually the feeding was 
increased to the usual strength. In other 
words, these patients with hypernatremia 
received the usual fluid therapy used in 
other cases of diarrhea. This information is 
given to form a basis for judging the ther- 
apeutic results. It is certainly not to be re- 
garded as the best therapy that could be de- 
vised. A detailed discussion of the rationale 





Age Duration 
Infant (months) (days) Food 


Serum concentrations 


(mEq./L.) 


Response Na Cl 


Treatment 





Lytren 

Lytren 

NaCl: Lytren 
NaCl 


I l 


Evaporated milk 
Evaporated milk 


Milk 


Evaporated milk 


Lytren 
Lytren 
Nothing 


10 9 
11 30 


Lytren* Good 159 112 
Lytren Good 164 121 
Lytren Good 173 155 
Intravenoust Good 177 145 
Lytren Good 159 130 
Intravenous Fair 156 109 
Intravenous Died 165 128 
Intravenous Good 156 130 
Lytren Good 162 133 
Lytren Good 153 125 
Intravenous Good 174 124 


*Usual intravenous therapy followed by a period of o:al administration of Lytren before milk was started. 


Usual intravenous therapy 
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of fluid therapy in diarrhea has already 
been given.* 

Examination of the table indicates that 6 
of the 11 patients with marked hypernatre- 
mia received Na salts added either to milk 
or to water before admission. This observa- 
tion is in agreement with those cited above. 
The Lytren at the time of the studies con- 
tained Na, 50; K, 20; and Cl, 30 mEq. 
per liter when properly prepared. This 
preparation has been used almost routinely 
at Children’s Mercy Hospital after intra- 
venous therapy, and, in mild cases, at the 
beginning of treatment without parenteral 
fluids. The modification of Lytren, contain- 
ing Na, 25; K, 25; and Cl, 30 mEq. per 
liter, has been used recently without obvious 
difference in the response. We have used 
the preparation frequently in the dispen- 
sary, but have found it expedient to have 
the pharmacist measure out the correct 
amount to add to a quart of water because 
otherwise the mixture is likely to be inap- 
propriately prepared. 

In the first 4+ instances, various mixtures 
of salt were added to water or milk despite 
persistent severe diarrhea and vomiting. In 
3 of the 4, recovery on Lytren was unevent- 
ful after a period of parenteral fluids. Ly- 
tren was offered to Patients 1 and 2, after 6 
and 3 days, respectively, of severe diarrhea 
accompanied by vomiting. A good deal of 
the Lytren was vomited. The first had a 
hemoglobin level of 6 Gm. per 100 ml. 
owing to iron deficiency anemia. In the 
second case, it is known that the solution 
contained more than the recommended 
amounts of Lytren. Infant 3 had been given 
salt added to milk despite continuing se- 
vere diarrhea with vomiting. The Lytren 
offered 24 hours before admission was vom- 
ited to a great extent. The fourth child 
also received salt added to milk followed 
by salt added to a sugar solution. This pa- 
tient is the only infant with hypernatremia 
in this series who had a convulsion during 
treatment. This case is discussed later in 
connection with a. balance study. Infants 
5 and 8 developed hypernatremia while re- 
ceiving evaporated milk and recovered un- 
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eventfully. Infant 6 also received evaporated 
milk. The response to fluid therapy was sat- 
isfactory but diarrhea recurred when milk 
was resumed. Later it was found that this 
infant could take a feeding containing hy- 
drolyzed casein (Nuturamigen) but reacted 
to cow’s milk with diarrhea and vomiting. 
The seventh child died about 6 hcurs after 
admission. The diagnosis of hypernatremia 
on clinical and chemical evidence had been 
made and this infant also had sclerema. In- 
travenous fluids had been started, and oral 
fluids and food were supposed to have been 
omitted. Nevertheless, the infant was found 
with the mouth and nose full of milk and 
with severe respiratory difficulty. Despite 
inability to get direct evidence, it was felt 
that this infant erroneously received milk 
which was vomited and aspirated. Previous 
to this accident, the infant seemed to re- 
spond well to treatment. Patient 9 devel- 
oped hypernatremia on the sixth day in the 
hospital. On admission, the serum electro- 
lyte concentrations were Na, 137; Cl, 96; 
and CO., 18 mEq. per liter. After admin- 
istration of parenteral fluids for only 12 
hours, the infant was offered amounts of 
Lytren which would supply adequate fluids 
if taken and if diarrhea had subsided. The 
prescribed amounts, however, were not 
taken and diarrhea continued. Recovery 
was satisfactory with Lytren after admin- 
istration of adequate amounts of parenteral 
fluids. The tenth child also developed hy- 
pernatremia on the fourth day in the hospi- 
tal. On admission, the serum concentra- 
tions were Na, 146; Cl, 122: and CO., 6. 
Intravenous fluids were discontinued after 
18 hours because it was not realized that 
serum concentrations at this time were Na, 
142; Cl, 112; and CO,, 9. The Lytren was 
not taken in the prescribed amounts, and 
watery stools continued. The infant was 
obviously quite sick at the time when the 
serum concentrations recorded in the table 
were obtained. Recovery was satisfactory on 
the usual fluid therapy. Hydrocephalus and 
marked hypernatremia without vomiting or 
diarrhea were noted in the eleventh child. 
This shows that water deprivation alone 
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may produce hypernatremia. Correction of 


the electrolyte disturbance was satisfactory 
in this infant. 

The data on these patients with hyper- 
natremia hardly justify definite conclusions. 
The 2 cases of hypernatremia which de- 
veloped in the hospital indicate that Lytren 
is ineffective when severe disturbances in 
body water and electrolytes are present. 
Only 3 patients (Cases 2, 3, and 4) re- 
ceived Na at concentrations that would al- 
most certainly produce hypernatremia in 
the absence of voluminous stools. Accord- 
ing to the histories, most of the patients 
became hypernatremic because milk or salt- 
containing fluids were administered when 
diarrhea continued to be voluminous, and 
when vomiting and loss of appetite de- 
creased the intake. One cannot conclude 
that orally administered electrolyte does 
not increase stool volume particularly when 
dehydration is present. Nevertheless, 6 in- 
fants took the solution containing electrolyte 
and 10 per cent carbohydrate without ob- 
vious ill effects after intravenous therapy. 
Two of these 6 developed hypernatremia 
on Lytren before adequate parenteral fluids 
had been administered, but recovered on 
Lytren after receiving adequate intravenous 
fluids. It is likely that Na salts should not 
be added to milk because milk already con- 
tains an adequate amount of sodium. So- 
dium added to water and glucose should be 
carefully prescribed so that the concentra- 
tion does not exceed 25 mEq. per liter al- 
though 50 mEq. per liter has been well tol- 
erated in infants not suffering from dehy- 
dration. In any case, infants with continu- 
ing diarrhea and vomiting must be care- 
fully observed because they are likely to 
require parenteral fluids. 

Of the 307 patients with diarrhea treated 
in the past 2 years, + died. The 1 who died 
within 2 hours of admission has been men- 
tioned as has the one with hypernatremia 
who probably aspirated milk. The third 
death occurred on the fourth day of treat- 
ment. This infant was born prematurely 
and weighed 2.2 kilograms at the age of 2 


months when the fatal illness occurred. The 
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initial serum concentrations were Na, 135; 
K, 4.6; Cl, 99; and HCO;, 20 mEq. per 
liter. Besides prematurity and undernutri- 
tion, this case presented no unusual fea- 
tures. The fourth death occurred at 10 
months. At 7 months the infant had been 
treated elsewhere for severe diarrhea. There- 
after she lost her appetite and had recur- 
ring attacks of diarrhea. One month be- 
fore death she was admitted to Mercy 
Hospital with advanced undernutrition, de- 
hydration, and acidosis. The initial serum 
concentrations were Na, 149; K, 4.0; Cl, 
105; and HCO,, 15. Although electrolyte 
concentrations could be restored, diarrhea 
always recurred on feeding. The appetite 
was always poor, particularly as dehydra- 
tion developed during the recurring bouts 
of watery diarrhea. Nutramigen was no bet- 
ter tolerated than milk. Attempts to re- 
place water and electrolyte lost in watery 
stools with parenteral fluids while giving 
food were unsuccessful. The stools did not 
contain gross blood and cultures did not 
reveal pathogenic organisms. Autopsy 
showed extensive ulcerative colitis. 
Short-term balances were obtained in 2 
patients, the first with marked acidosis 
and normal Na concentration and the sec- 
ond with marked hypernatremia. The first 
patient, aged 3.5 months, had diarrhea for 
5 days before admission to the hospital. 
The initial serum concentrations in milli- 
equivalents per liter were Na, 141; Cl, 123; 
and HCO,, 8. After 36 hours of treat- 
ment, the concentrations were Na, 155; Ci, 
109; and HCOQO,, 22. The infant had re- 
ceived 1,685 Gm. of intravenous fluids con- 
taining Cl, 65; Na, 64; K, 49 mEq. and 
glucose, 80 Gm. The balance was deter- 
mined by measuring the contents in urine, 
stools, and skin washings. Body weight 
changed from 5.1 to 5.28 kilograms. The 
balances were Cl, —11; Na, 17; and K, 6.8 
mEq. The data indicated that the body 
composition on admission was altered by 
deficits of water, Na, and K and by excesses 
of Cl and hydrogen ions. Although balances 
over a short period do not give an accurate 
picture of total changes, they do represent 
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the changes which were corrected and led 
to recovery from the acute disturbance. The 
magnitude of excess of hydrogen ion is indi- 
cated by the difference between the balance 
of Na + K and of Cl. Accordingly, the re- 
tention had been about 7 mEq. per kilo- 
gram. Presumably such a change in body 
composition could be replaced by a mixture 
of Na and K bicarbonate in water with lit- 
tle or no Cl. Attention is directed to the fact 
that the kidneys were able to adjust serum 
electrolytes with the fluids given. 

Patient + of Table II was similarly stud- 
ied over a period of 40 hours. The final 
serum concentrations were Na, 139; Cl, 106; 
and HCO,, 26 mEq. per liter. Weight 
changed from 4.39 to 4.8 kilograms. The 
intravenous therapy included 1,207 Gm. of 
fluid with Cl, 59; Na, 50; K, 41 mEq.; and 
elucose 50 Gm. The balances were Cl, —17: 
Na, —34; and K, 26 mEq. The difference 
between the balance of Na and K and of 
Cl indicates a loss of about 9 mEq. of hy- 
drogen ions. This infant showed moderate 
edema at the end of the study. The ob- 
servation was terminated when a convul- 
sion occurred. The infant received 7.5 ml. 
of 10 per cent calcium gluconate and the 
convulsion subsided as if the calcium had 
been effective. The serum calcium was 10.7 
mg. per 100 ml. at this time, however. It 
is doubtful that tetany was the cause of 
the convulsion. Presumably this infant had 
an excess of hydrogen, Cl, and Na ions to- 
gether with a deficit of water and K. It is 
possible that KHCO, and water would 
correct the disturbance in body water and 
electrolytes. Attention is directed to the fact 
that the infant was able to restore electro- 
lyte concentrations despite administration of 
considerable amounts of Cl and Na when 
these ions were present in excess in the 
body. 

The over-all mortality of 4 deaths in 307 
cases is quite low in comparison with that 
in other series. It is doubtful that the mor- 
tality rate would be reduced by modifica- 
tion of the system of therapy but the course 
in the hospital could probably be short- 
ened by better fluid therapy. Over half of 
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the selected group (69 of 105) were dis- 
charged in 2 weeks but 10 stayed for 15 to 
20 days, 13 from 20 to 25 days, and 3 over 
30 days. In some of these, more skillful 
fluid therapy would have shortened the 
time of treatment. When delay in recovery 
was primarily due to diarrhea, relapses into 
dehydration occurred when food was given. 
In only 2 was substitution of Nutramigen 
for milk feedings clearly beneficial. When 
continuing diarrhea occurred, however, it 
was possible to attain complete recovery 
with low caloric feedings (80 to 100 per 
kilogram 


fluids when watery stools were likely to pro- 


supplemented with parenteral 


duce deficits of water and_ electrolytes. 
While we are firm believers in periods of 
fasting at the beginning of therapy, we hesi- 
tate to institute repeated periods of fasting. 
Omission of milk undoubtedly makes the 
correction of dehydration much easier. It 
is clear that diarrhea tends to be agegra- 
vated as dehydration develops, and recov- 
ery from chronic or recurring diarrhea is 
dependent on never letting the infant be- 
come dehydrated while attempting to re- 


store nutrition. 


DISCUSSION 


If we may be permitted to speculate on 
the implications of this review of our ex- 


perience, we suggest the following modifi- 


cations in therapy: 

1. Patients with high chloride, low bicar- 
bonate, and normal or nearly normal so- 
dium concentrations suffer from deficits of 
water, bicarbonate (excess of H+ ions), Na, 
and K. Body chloride is probably nearly 
normal and may be in excess. To replace 
extracellular electrolyte, one-sixth molar 
sodium lactate might suffice. We would sug- 
gest that water deficits be considered about 
100 ml. per kilogram in severe cases. About 
80 per cent should be replaced with so- 
dium containing solutions. Instead of using 
only lactate-Ringer’s, 25 to 40 ml. of one- 
sixth molar sodium lactate could be sub- 
stituted for part of the 60 to 80 ml. pre- 
viously used (about half one-sixth molar 


sodium lactate and half lactate-Ringer’s 
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2. Patients with hypernatremia have defi- 
cits of water of about 100 ml. per kilogram 


and appreciable losses of K. Sodium and 


chloride are likely to be nearly normal and 
may be in excess. There is usually a consider- 
able retention of hydrogen ions that may 
require administration of bicarbonate o: 
lactate. Theoretically, at least, the disturb- 
ance in body composition could be corrected 
by adding 3 to 5 mEq. of KHCO, per kilo- 
gram to 100 ml. of glucose in water to- 
gether with maintenance of fluids, and such 
fluids as may be required for abnormal 
losses. At present, one hesitates to follow 
this logic. Convulsions have occurred fre- 
quently when serum sodium concentra- 
tions have been rapidly reduced. Despite 
normal or slightly high serum sodium, cer- 


'S have considered the con- 


tain observers'” 
vulsions analogous to those resulting from 
water intoxication when normal serum so- 
dium concentration is rapidly reduced by 
retention of water. This conclusion is not 
adequately substantiated, especially in view 
of the frequent occurrence of hemorrhages 


in the brain.* '” 


Because our patients ad- 
justed electrolyte concentrations despite ad- 
ministration of unneeded Na and Cl, we 
hesitate to reduce sodium concentrations 
rapidly. Until the mechanism of the con- 
vulsions is better understood, hypernatre- 
mia should probably be treated with re- 
placement of deficits by about 100 ml. per 
kilogram of fluids containing 40 to 50 ml. 
of lactate-Ringer’s solution together with 
3 to 5 mM. of KCl and maintenance fluids. 
Twenty-five milliliters of one-sixth molar 
sodium lactate could safely and probably 
advantageously be substituted for part of the 


lactate-Ringer’s solution. 
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Studies in hypoglycemia 


Alexis F. Hartmann, Sr., M.D., Hulda J. Wohltmann, M.D., Jean Holowach, M.D., 


and Bettye M. Caldwell, Ph.D. 


ST. LOUIS, MO. 


I. ISLET CELL ADENOMA 


IN INFANTS and children hypoglycemia 


caused by an insulin-secreting tumor is very 


rare. Van Beek’ had been able to find only 
12 cases in the entire world literature when 
she published her monograph in 1952. Since 
then at least one more case has been re- 
ported.* Recently we have encountered our 
first case and some of our studies have 
proved most interesting. 

Case 1. The child, a boy, was born May 
22, 1955, after a full-term pregnancy and 
with an uneventful delivery. He appeared 
quite normal at birth and there was nothing 
unusual about his subsequent development 
except that speech was delayed. There were 
three older brothers and one sister, all ap- 
parently normal. At the age of 19 months, 
he had a convulsion characterized by gen- 
eralized stiffness, loss of consciousness, and 
postictal drowsiness. Phenobarbital was pre- 
scribed; two similar convulsions occurred 
during the succeeding 3 months. He de- 
veloped rubeola on March 8, 1957, at the 
onset of which a fourth and similar convul- 
sion occurred. During the next 10 days, he 
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had daily “weak” spells characterized by 
inability to stand, general body limpness and 
strabismus, but no loss of consciousness. On 
March 18, 1957, at the age of 22 months, he 
was admitted to the St. Louis Children’s 
Hospital for observation because he seemed 
not to recover from one of the “weak” spells, 
remaining unresponsive all day long. Exam- 
ination revealed him to be comatose; there 
was a fading measles rash with a slightly 
subnormal temperature despite signs of 
pneumonia and otitis media. There was 
hyperreflexia with a positive Babinski on the 
left, and  well-sustained bilateral ankle 
clonus. Lumbar puncture showed clear spinal 
fluid under normal pressure, without cells 
or increased protein content, but with a 
sugar content later reported as only 8.3 mg. 
per 100 ml. Following lumbar puncture, 
fluids containing glucose were given along 
with antibiotics, and during the next several 
days the boy slowly improved. On March 
22, 1957, a second lumbar puncture yielded 
fluid with 33 mg. per 100 ml. glucose at a 
time when the blood sugar was 44 mg. Be- 
cause of these findings, hypoglycemia was 
suspected and appropriate studies were 
started. A standard glucose tolerance test 
(Fig. 1) on March 27, 1957, was as follows: 
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Time C.W.B.T.S.* 
(mg./100 ml.) 

Fasting 35.0 

Y hour 87.0 

1 hour 68.0 

2 hours 29.7 

} hours 21.2. Drowsy, shrill cry, 
unresponsive 

+ hours 19.6 

}) hours 15.2 Fruit juice adminis- 
tered, became re- 
sponsive 

"Capillary whole blood true sugar 


A low fasting blood sugar, after rising 
promptly in response to glucose ingestion, 
then fell to values considerably below the 
initial one, suggesting unusual insulin stimu- 
lation in response to blood sugar elevation 
to only slightly above the normal fasting 
level. 

An electroencephalogram on March 26, 
1957, was described as follows: “‘While the 
greater part of this record is obscured by 
artefact, some strips show a basic resting oc- 
cipital frequency of 4 per second. Some 2-3 
per second activity is noted. No significant 
focal or lateralizing signs are seen. Impres- 
sion: Within acceptable limits for an age of 
22 months.” 

A diagnosis of convulsion on the basis of 
hypoglycemia was made and the boy was sent 
home to be observed by his pediatrician. 

During the next 2 months, he continued to 
have “spells,” characterized by weakness, 
rolling back and forth of the head, unusual 
cry, strabismus, either limpness or rigidity of 
body, sweating, and unconsciousness. Several 
such attacks a day were often noted, the 


longest lasting 2 hours. The mother asso- 
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ciated them with physical or emotional fa- 
tigue and thought she could abort them with 
enemas. 

The boy was readmitted for further study 
on June 5, 1957. Spells such as he had been 
having at home were observed and found 
associated with low blood sugar readings as 


follows: 


C.W.B.T.S. 
Date Time (mg./100 ml.) 
6/6/57 11:10 a.m. 21.6 
12:10 P.M. 45.4 
3:00 P.M. 21.6 
5:20 p.m. 30.2 
6/7/57 ? 19.4 


There was always good immediate response to 
administration of sugar. 

Another standard glucose tolerance test 
was performed on June 9, 1957 (Fig. 1), 
along with one of the mother, because of her 
insistence that, as a child, she was very 
much like Randall. The results are shown in 
Table I. 

In the patient again a low fasting blood 
sugar of 41 mg. was encountered, which, in- 
stead of rising in response to glucose, actually 
fell until it reached the level of 20, where it 
remained for the next 5 hours and was asso- 
ciated with clinical symptoms. This response 
to glucose was most bizarre, suggesting the 
Staub-Traugott type of excessive insulin 
stimulation. The mother’s response to glu- 
cose was entirely normal. 

On June 10, 1957, at 9:30 a.m., a typical 
spell was associated with a zero blood sugar 
and promptly relieved by 2 Gm. of glucose 
intravenously. 

On June 15 another standard glucose tol- 
erance test was made (1.75 Gm. per kilo- 
gram of body weight) (Fig. 1), with results 


as follows: 


Time mg./100 ml. glucose 

Fasting 18.6 

15 minutes 59.0 

30 minutes 112.0 

1 hour 29.1 

2 hours 45.1 Given milk, meat 
and cereal by 
mistake 

3 hours 32.4 

4 hours 15.5 Drowsy, spastic 

5 hours 13.3. Given 0.4 ml. 
Adrenalin 

6 hours 8.6 
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CwBTS. 


(mg./100 ml.) 





Date Time Mother | Patient Remarks 
6/9/57 Fasting 93 41.0 
Yy hour 140 35.0 
1 hour 152 20.0 
1% hours 20.0 
2 hours 20.0 Patient drowsy, crying 
3 hours 112 20.0 
+ hours 73 20.0 
5 hours 73 20.0 Patient hard to arouse, with sweating of 
lower extremities 
6 hours 73 20.0 Spastic: immediate response to intravenous 


This third glucose tolerance test was simi- 
lar to the first: low fasting level, early 
prompt rise, later marked sustained fall to a 
level lower than the initial one and pro- 
vocative of clinical symptoms, again sugges- 
tive of induced hyperinsulinism. Adrenalin 
administered at the 5 hour point was fol- 
lowed by slight transient clinical improve- 
ment but the 6 hour true blood sugar level 
was even lower. Galactose was looked for in 
all blood samples, but was consistently absent. 

On June 16, glucose was administered in- 
travenously to relieve clinical symptoms of 
hypoglycemia and again on June 17, when 
the blood sugar level was 13.2 mg. (no galac- 
tose ). 

On June 18 after an all-night fast, 0.4 ml. 
aqueous 1:1,000 Adrenalin was given intra- 


muscularly (Fig. 1), with following results: 


Time C.W.B.T.S. 
(mg./100 ml.) 

Fasting 34.2 Adrenalin given 
After 20 minutes 88.8 
After 40 minutes 54.6 
After 60 minutes 8.6 Drowsy 
After 90 minutes 24.8 
After 120 minutes 6.6 Convulsive 


movements 


Again a low fasting blood sugar of 34.2 
mg. was noted. After a quick rise to 88.8 
after Adrenalin, the blood sugar fell to ex- 
tremely low levels which were associated with 
clinical symptoms and were relieved promptly 
by eating. Later in the afternoon a convul- 
sive reaction occurred, relieved by intra- 
venous glucose. 


glucose 


On June 21, 1957, an insulin tolerance 
test (4% unit per kilogram) was made with 
the following results (Fig. 1): 


Time C.W.B.T.S. 
(mg./100 ml.) 
Fasting 15.5 
15 minutes 15.5 
45 minutes 8.0 
60 minutes 15.5 Drowsy, crying 
90 minutes 10.4 Extremities cold 
120 minutes 15.5 


This insulin test was given at a time when 
the fasting blood sugar was already very 
low, despite which there were no clinical 
symptoms. Very little further fall in blood 
sugar occurred in response to insulin al- 
though symptoms of hypoglycemia developed. 
The test certainly suggested resistance to in- 
sulin when the blood sugar was already low. 

It was now decided to administer ACTH, 
2 mg. per kilogram every 12 hours, as a last 
resort before exploration of the abdomen. 
Response to ACTH started on June 24 was 
prompt and decisive in regard to both blood 
sugar values and clinical symptoms. Random 
blood sugar values during the next few days 
were as follows: 

C.W.B.T.S. 


Date Time (mg./100 ml.) 
6/26/57 Before breakfast 62.8 
6/26/57 Before lunch 134.0 
6/26/57 Before supper 110.0 
6/26/57 12 midnight 66.8 
6/28/57 Fasting 84.0 
6/29/57 Fasting 97.2 
7/ 2/57 8 A.M. 96.0 ACTH 25 


mg. daily 


Continued on p. 214 
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C.W.B.T.S. 
Time (mg./100 ml.) 
12 midnight 63.0 
11:30 acm 113.0 
52.0 ACTH 12.5 
mg. daily 
Fasting 52.0 Off ACTH 
Fasting 91.0 Cortisone 50 
mg. daily 
Fasting 62.6 Cortisone 50 
mg. daily 


After reviewing the situation at this time, 
one of us (A. F. H.) expressed the opinion 
that, despite the favorable effect of ACTH, 
the patient might well have an islet cell ade- 
noma. It was agreed, however, to continue 
with ACTH therapy at half the original dose 

started July 1, 1957) with checks on 24 
hour blood sugar profile, insulin sensitivity, 
and psychometric evaluation. 

On July 11, in the third week of adminis- 
tration of 0.5 mg. per kilogram of ACTH 
gel twice daily, a 24 hour blood sugar pro- 
file was as follows: 

C.W.B.T.S. 
Date Time mg./100 ml.) 

7/11/57 3:00 Alm 52.0 
-00 aM 84.0 

midnight 86.4 

-00 Pim 104.0 

:00 Pim 153.0 

00 p.m 190.0 

2:00 Pim 84.4 

7/12/57 :00 A.M 108.0 
6:00 a.m 182.0 


Chere were no hypoglycemic, but some 
hyperglycemic values. 

On July 14, a standard insulin tolerance 
test (0.25 unit per kilogram) was made (Fig. 
l 

C.W.B.T.S 
Time mg./100 ml.) 
Fasting 62.6 

15 minutes 62.5 

30 minutes 34.6 No definite signs o1 

symptoms of 

hypoglycemia 

15 minute 84.0 
60 minutes Sis 
90 minutes 33.3 
120 minutes 60.5 


This insulin tolerance test, undoubtedly 
modified by ACTH, was difficult to inter- 
pret, suggesting alternating resistance and 


sensitivity. 


February 1960 


On July 17 the 24 hour urinary excretion 
of 17-ketosteroids was 2.1 mg.; of 17-hy- 
droxycorticosteroids, 4.2 mg. On this day a 
psychometric examination by one of us (B. 
M. C.) was summarized as follows: 

“At present, Randy is functioning at ap- 
proximately the 19 month level, which rep- 
resents a retardation of 7 months. The 
length of time that he had been hospitalized 
within the immediate past should be consid- 
ered in evaluating these results, and it would 
be desirable to repeat the examination within 
3 to 6 months, expecially if he lives at home 
during this time and has the normal amount 
and type of intellectual stimulation which is 
a part of the ordinary home environment. As 
the mother was not interviewed, no supple- 
mentary information regarding his behavior 
at home can be contributed to help assess the 
reliability of this current estimate. The child’s 
behavior was not disturbed in any particular 
way, and he was alert and cooperative and 
maintained a normal attention span through- 
out the examination.” 

On July 17 it was decided to substitute 
cortisone for ACTH gel therapy. At first 25 
mg. twice daily was given, then 12.5, on 
which dose he was sent home for further 
observation. A fasting blood sugar determina- 
tion on July 28, 1957, the day before dis- 
charge, was 34.0, the only spontaneous hypo- 
glycemic one during either ACTH or corti- 
sone therapy, the significance of which was 
not appreciated at the time. 

A year and a half now elapsed, with Ran- 
dall occasionally seeing his pediatrician, and 
apparently having frequent hypoglycemic at- 
tacks despite an increase in cortisone dosage 
from 25 to 87.5 mg. daily. Most of the at- 
tacks were before breakfast and many seemed 
aborted by drinking chocolate milk or fruit 
juice. Because of the continuing attacks and 
what seemed to be retarded mental and 
physical development and undesirable per- 
sonality traits and an appearance compatible 
with a well-developed Cushing’s syndrome, 


the parents agreed to have Randall admit- 


ted to the hospital once more for study on 
Jan. 11, 1959. 
On an ordinary diet and the same dose, 
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87.5 mg., of cortisone daily, it was soon ap- C.W.B.T.S. 
parent that Randall was having frequent (mg./100 mi.) 


, : 66.5 Receiving 87.5 mg. 
‘4 soaes. y y ° ° 
hy poglycemic episc des A 4 he ur blood cortisone dally 
sugar profile was first obtained and then ran- 
dom blood sugars during the preliminary 


observation period. They were as follows: 


C.W.B.T.S. 
Date Time (mg./100 ml.) 72 .M. 90.5 No clinical signs 
1/11/59 :00 P.m. 52. during test 
:00 P.M. 52. 2:30 a.m. 75.5 
:00 p.m. . 
:00 p.m. Random sugar determinations were again 
i -M. taken and correlated with the clinical pic- 
:00 
:00 A.M. 0 stituted for cortisone. 
:00 a.m. 92.5 (galactose 0) 
-00 a.m. 5. C.W.B.T.S. 
-00 a.m. 55- Date Time (mg./100 ml.) 
/19/59 :30 A.M. 
215 a.m. 
:00 a.m, 
:00 Pim. 
:00 P.M. 
:00 p.m. 
730 A.M. 
:00 noon 
:00 p.m. 
A.M. 
P.M. 
P.M. 
P.M. 
noon 
P.M. 
P.M. 
A.M. 
P.M. 
A.M. 
noon 
:15 p.m. 
715 aM. 
:00 a.m. 
. mi :30 P.M. 
715 a.m. 34 ly yt 
be 700 A.M. 
2:00 noon pat 7h ao 
12:00 31.5 al = aga 
a 3:10 Pim. 
midnight 28/59 4:00 p.m. 
10:00 p.m. 
/29/59 11:00 a.m. 
4:00 p.m. 


ture. On Jan. 20, 1959, Aristocort was sub- 


COFrnwmonwmeCOwOeO"D 


:00 a.m. 
9:50 a.m. 22. Hypoglycemic 
reaction 
:00 a.m. 23.4 (galactose 12.6) 
:00 a.m. ) 
2:00 noon 5 
:00 p.m. 53.0 (galactose 0) 
2:00 p.m. 
; P.M. 
:00 p.m. 
P.M. 
P.M. 
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A.M. 22. Sleepy and 
limp 
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and shaky 
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1/14/59 730 p.m. 
P.M. 


Iw iv bd 


1/16/59 :10 p.m. . , 
; On January 30 hydrocortisone was substi- 


1/17/59 :00 p.m. tuted for Aristocort with the following re- 
P.M. sults: 
P.M. 
P.M. C.W.B.T-S. 
P.M. JS.2 Date Time (mg./100 ml.) 
c - . 30 mg. 
On Jan. 14, 1959, 0.15 Gm. per kilogram 
9:00 a.m. $2.3 
3:30 pM. 49.5 


of ]-leucine was given by stomach tube with- 1/30/59 
out clinical incident and the following rather 
normal blood sugars were noted: Continued on p. 216. 
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nued from p 215 
C.W.B.T.S. 
Date Time (mg./100 ml.) 
1/31/59 10:20 a. 23.9 
2:15 Pp. 40.8 
8:00 P.M. 61.8 
9:30 a.m. 19.2 
7:00 P.M. 53.1 
10:00 a. 50.0 
$:30 Pa 114.0 
3:30 a. 13.7 
7:45 aa 36.4 
9:00 ’ 95.5 


60 me 


2:30 P.M. 67.0 
9:00 a. 110.0 
:00 ? 82.0 
9:00 a.m. 57.7 
$:00 P.M. 68.4 
9:00 68.4 
9:00 P. 119.9 
9:00 A. 97.9 
9:00 Pp. 97.9 
9:00 M. 158.6 
1:00 P.M. 64.8 
9:00 a.m. 63.8 
$:00 P.M. 54.7 


A glucagon test (20 meg. per kilogram in- 
travenously) was made on Feb. 3, 1959, with 
the following results. It is to be noted that 
after an initial rise from a low start, the 
blood sugar fell considerably below the ini- 
tial value and symptoms of hypoglycemia de- 
veloped. 

Time CW.BT.S 
mg./100 ml.) 
0 After all-night fast 


) 
minutes 6 


) 
> Receiving 30 me. 
hydrocortisone 

daily 


minutes Of 


minutes 
minutes 
minutes 
120 c.c orange 
juice at 105 
min 
120 minutes 71.0 


On February 12 a 24 hour blood sugar 
profile was obtained while Randall was get- 
ting 60 meg. hydrocortisone daily. Note fre- 
quent hypoglycemic values and occasional 
hyperglycemic ones: 

Time CW .B.T.S 
(mg./100 ml.) 


9:00 a.m 139.4 
10:00 a.m 19.6 


February 1960 


Time C.W.B.T.S. 
(mg./100 ml.) 
1:00 a.m. 37.3 
:00 noon 102.6 
:00 P.M. 68. 
2:00 P.m. 28.5 
3:00 P.m. 34.2 
:00 P.M. 41. 
5:00 p.m. 107. 
:00 p.m. 121.3 
:00 p.m. 72.4 
:00 P.M. 98.0 
:00 p.m. 102.4 
:00 p.m. 130.5 
:00 a.m. 72.4 
3:00 a.m. 41.2 
:00 a.m. 82.0 
:00 a.m. 37.3 
4:15 p.m. 54.7 


hm ove 


Noh 


When the hydrocortisone dosage was reduced 
from 60 to 30 mg. daily, low blood sugar 


values became more frequent: 


C.W.B.T.S. 
Date Time (mg./100 ml.) 
60 mg. 


:00 a.m. 
:00 P.M. 
:00 
:30 
30 
00 
:30 
:00 
215 
:00 
:30 
:15 
715 
:00 


oa 
7 


-OOF OF Oe OWoOuUFt wo 
~Peraze2e 3? 3? 


30 mg. 


10:00 a.m. 
8:00 Pp. 
10:45 a.m. 
5:00 

:40 

215 a.m. 
2:30 
3:45 
5:00 

:00 
9:15 a.m. 
11:00 a.m. 
1:30 p.m. 

Another insulin tolerance test was made on 
February 20 while Randall was still receiv- 
ing 60 mg. hydrocortisone daily. The results 
were most bizarre, the blood sugar tending 
to rise rather than fall: 
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Time 
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C.W.B.T.S. 
(mg./100 ml.) Hydrocortisone ACTH 





, 


21/59 
23/59 


3/24-3/30 


Average 


*Hypoglycemic symptoms. 


Time 


20 
40 
60 
90 
120 


minutes 
minutes 
minutes 
minutes 
minutes 


9:30 a.m. 
3:00 
3:45 

:00 

:30 
2:3 
9:00 a. 
2:30 
3:45 

:00 

:00 
9:00 a.m. 
2:00 
:20 A.M. 
45 A.M. 
:00 
:00 a. 
:00 
215 
00 A.M. 
:00 
:00 a.m. 
:00 
:00 A.M. 
-00 
730 A.M. 
30 


os 
io) 


wovwvwrcowt O+ © 


4 
- 


9: 
4: 
9:5 
2:13 
9: 
4: 
Ss3 
5:3 
9: 
4: 
8:! 


times ) 


C.W.B.T.S. 


(mg./100 
24.2 


33.0 
28.6 
41.0 
28.6 
24.1 


ml.) 

4:15 p.m., before in- 
sulin; receiving 60 
mg. hydrocortisone 
daily 


It was now decided to taper off on hydro- 
cortisone, substitute ACTH, and prepare 
Randall for exploratory operation. Random 


117.0 
107.0 
41.2 
29.6 


If. 
184.0 
62.0 
31.2 
115.0 
63.8 
58.5 
58.5 
90.0 
138.0 
93.2 
54.7 
33.0-135.2 


99.5 a 


blood sugar determinations during this pe- 
riod were as shown in Table II. 

The 24 hour urinary excretions of 17- 
keto- and 17-hydroxycorticoids, as related to 
the type of steroid or hormone therapy and 
his clinical behavior, are shown in Table III. 

One would wonder whether the low 
urinary excretion of steroids at times was a 
reflection of an inability of this child to 
handle properly certain steroids. Despite the 
low urinary steroid excretion he had very 
marked secondary steroid changes. 
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Table UI 


17- 17-hydroxycorti- 
ketosteroids costeroids Episodes of 
Drug (mg.) (mg.) (mg.) hypoglycemia 





Acthar gel for 23 days, 12.5-50 YS 4.2 None 

Cortisone, 87.5 Not determined Frequent 
Second day of Aristocort, 24 2 0.3 Frequent 
Aristocort, 32 a 0.2 Frequent 


Hydrocortisone, 60 3.§ 11. Rare 


Hydrocortisone, 30 (3 days after dose “a . Frequent 


cut from 60 to 30 mg 
Hydrocortisone, 30 . 2. Frequent 


Hydrocortisone, 20 3. i Rare 
Acthar gel, 40 


None since 4/8/59 42 None 


Table IV 


CW.BT-S. 
Date Time (mg./100 ml.) ACTH Remarks 





:00 a.m. 82.0 20 Pancreatectomy 
:00 216.0 
:00 , 276.0 
:00 204.0 
:00 182.0 
:00 163.0 
:00 163.0 
: 30 133.0 
3:15 124.0 
9:45 ' 134.0 
:30 " 243.0 
5:00 , 145.0 
:30 a.m. 145.0 
sis 3 139.0 
:30 126.0 No postoperative complications 
:00 ; 155.0 
:00 ; 94.0 
:30 
:30 
-00 
:00 
:30 
3: 1 
: Of 
3:00 
:30 
00 
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Fig. 2. Cross-section of a beta cell tumor in the 
tail of the pancreas near the hilus of the spleen. 
The tumor was spherical and was enclosed by a 
thin rim of normal pancreas. 


Exploratory operation on March 31, 1959, 
revealed a walnut-sized tumor in the tail of 
the pancreas which was adherent to the 
spleen. The latter with about half of the 
pancreas with its tumor (Fig. 2) was re- 
moved by Dr. James Stokes; Randall had a 
smooth uncomplicated postoperative course. 
Blood sugar values postoperatively were as 
shown in Table IV. 

On April 15, 1959, a 24 hour blood sugar 
profile was obtained, some 2 weeks post- 


operatively and one week after the last dose 


of ACTH: 


C.W.B.T.S. 
Time (mg./100 ml.) 
:00 P.M. 102.0 
:00 p.m. 93.0 
:00 p.m. 102.6 
:00 p.m. 93.0 
:00 P.M. 121.2 
:00 p.m. 116.6 
:00 p.m. 116.6 
:00 p.m. 111.9 
P.M. 149.1 
P.M. 108.2 
P.M. 102.6 
midnight 72.9 
A.M. 
A.M. 
A.M. 
A.M. 
A.M. 
A.M. 
A.M. 
A.M. 
A.M. 
A.M. 
A.M. 
noon 


SOU ON 


| $ 
) 


— 


NwoOnIooOwON 
pat od dt od ott od 9 
NN ONN NW 


— 


] 


— ps - 
YK OW OND US Wh — ro 

t 
n> 


— 
r 
on 


Studies in hypoglycemia 219 


As may be noted, there were now no ab- 
normally low or high values. On April 21 
another standard insulin tolerance test was 
made: 


C.W.B.T.S. 
Time (mg./100 ml.) 
0 minutes 69.0 After all-night fast; 
no adrenal ster- 
oid or hormone 
therapy 
minutes 
minutes 
minutes 
minutes 
minutes Sleepy, irritable; 
0.25 ml. Adren- 
alin 
120 minutes 21.4 
20 minutes 19.8 
40 minutes 8.4 


Insulin sensitivity rather than resistance 
was now evident, and low sugar values with 
clinical symptoms resulted. Response to Ad- 
renalin during the insulin-induced hypogly- 
cemia was very poor. On April 23 another 
standard glucose tolerance test was made, 
now with a normal response: 

Time C.W.B.T.S. 

(8:30 a.m.) (mg./100 ml.) 
64 
minutes 64 
minutes 99 
minutes 116 
minutes 116 
minutes 139 
minutes 121 
minutes 93 

On April 28, 1959, an Adrenalin tolerance 
test was made using 0.4 ml. aqueous 1: 1,000 
Adrenalin, also with a very normal response: 

C.W.B.T.S. 
Time (mg./100 ml.) 
0 84.0 
10 minutes 109 
20 minutes 139 
30 minutes 153 
60 minutes 120 
90 minutes 103 

Randall was then discharged with appar- 
ently normal carbohydrate metabolism. 

The islet cell tumor and the part of the 
normal pancreas surrounding it were studied 
by Dr. Paul Lacy, to whom we are indebted 
for the following description and _photo- 
micrographs: 
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Fig. 3. The tumor cells contain numerous beta 

granules which are most abundant near the capil- 

lary border of the cells. The beta granules appear 

black in the photomicrograph. ( Aldehyde-fuchsin- 
1 


stain. Approximately *400; reduced 4 





Fig. 4. Electron micrograph of portions of tumor 
cells in a beta cell tumor. The beta granules (GR) 
are irregularly shaped and are surrounded by a 
membranous sac. The mitochondria (M) are nor- 
mal in size and structure. Two basement mem- 


branes (arrows) separate the tumor cells from the 
capillary (¢ \ fine fibrillar substance is present 
between the membranes. This material is prob- 
ably hyalin. The endothelium is thin and has focal 


areas of alternation similar to the endothelium 
<18,000; reduced %.) 


found in normal islets 








February 1960 


At operation, a large spherical mass (2.5 
cm. in diameter) was found in the tail of the 
pancreas (Fig. 2). On cut section, the tumor 
was composed of a pearly gray soft tissue and 
was surrounded by a thin rim of normal 
pancreas. By light microscopy, the tumor 
cells were uniform in size and were arranged 
in nests and cords around numerous sinus- 
oidal capillaries. A remarkable degree of beta 
granulation was observed in the sections 
stained with aldehyde fuchsin (Fig. 3). Fre- 
quently the granules were most abundant in 
the portions of the cells adjacent to the capil- 
laries. This finding is of particular interest 
since in the experimental animal margination 
of the granules is indicative of increased 
functional activity of beta cells. The degree 
of beta granulation was much less in beta 
cells of islets in the normal portion of the 
pancreas. 

By electron microscopy, distinct beta gran- 
ules could be observed in the tumor cells 
(Fig. 4 


shaped, enclosed in membranous sacs and 


The granules were irregularly 


were most abundant near the capillary bor- 
der of the cell. The ultrastructure of the 
mitochondria, ergastoplasm, and Golgi com- 
plex appeared normal. As in normal islets, 
the tumor cells were separated from the 
capillaries by. two distinct basement mem- 
branes; one was applied to the endothelium 
and the other was in contact with the tumor 
cells. The abnormal feature was the presence 
of varying amounts of a fibrillar substance 
between the two basement membranes. This 
fibrillar material probably represents hyalin 
which is frequently present in functioning 
islet cell tumors. The beta cells in the islets 
from the normal portion of the pancreas 
were smaller and contained a lesser amount 
of cytoplasm than the tumor cells (Fig. 5). 
Their beta granules were fewer in number 
and were scattered irregularly throughout 
the cytoplasm in contrast with the margina- 
tion of the granules that was observed in the 
tumor. No differences could be detected in 
the ultrastructure of beta granules in the 
tumor and in beta cells from islets in the rest 
of the pancreas. The decrease in size and de- 
gree of granulation in the beta cells of the 
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islets probably represent a functional atrophy 
since the tumor cells were releasing excess 
quantities of insulin into the blood stream. 
Unfortunately, we have not observed as yet 
any ultrastructural feature in the tumor cells 
which might be associated with their un- 
controlled ability to release insulin. 

The features of this case which deserve 
special emphasis are: 

1. Suspicion of hypoglycemia as a cause 
for convulsions was aroused by finding a low 
spinal fluid sugar during routine spinal fluid 
study. 

2. Glucose tolerance tests were very abnor- 
mal, and strongly suggested hyperinsulinism: 
on one occasion the blood sugar concentra- 
tion did not rise following glucose adminis- 
tration. 

3. Insulin sensitivity tests also were very 
abnormal and suggested insulin resistance. 

4. ACTH was very effectual in control. 

5. Corticosteroids, except hydrocortisone 
in high dosage, were not. 

6. Removal of the tumor was completely 


curative. 


II. LEUCINE AND INSULIN 
SENSITIVITY 


In our experience, the not infrequent 
hypoglycemia of childhood usually referred 
to as idiopathic is due to persistent sensitivity 
to insulin and a faulty glycogenolytic mech- 
anism, dependent to some extent at least on 
a faulty adrenalin mechanism. The recent 
observations of Cochrane and his associates* 
have demonstrated that at least one of the 
essential amino acids, |-leucine, may produce 
hypoglycemia in some children with hypo- 
glycemic tendency. Recently we have en- 
countered 2 such children, very sensitive to 
both insulin and |-leucine. 

Case 2. Rose Marie Z.: insulin and leucine 
sensitive. 

This child was first seen in the outpatient 
department on Feb. 2, 1957, when 18 months 
old. The history revealed that the mother 
was diabetic and that the patient was a large 
baby at birth—8 pounds 13 ounces—despite 
being 1 month premature, and that in the 
early neonatal period she had had many 
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Fig. 5. Electron micrograph of portions of beta 
cells of islets in the normal portion of the pan- 
creas. The beta granules (GR) appear similar in 
structure to those observed in the tumor cells 
(Fig. 3). These cells are apparently slightly 
atrophic since the amount of their cytoplasm is 
reduced and the degree of beta granulation is less 


than normal. WN, nucleus. M, mitochondria. 
(x26,000; reduced %.) 


attacks of cyanosis and apnea. The develop- 
mental history indicated some retardation; 
she did not sit alone until 9 months of age, 
or walk until 17 months. At 18 months she 
was just starting to talk. Three siblings, aged 
4, 5, and 6, were apparently normal. One 
sibling has subsequently become diabetic, 
however. At 6 months of age she had an 
attack of cyanosis associated with convulsive 
movements and during the following year 
she had 10 more attacks described as fol- 
lows: She would become very pale and limp; 
her eyes would cross; she would then sleep. 
The last seizure in December, 1956, was as- 
sociated with both tonic and clonic move- 
ments of all extremities, lasting for 45 
minutes. 

Examination revealed as abnormalities 
only an acute upper respiratory infection and 
esotropia. The 


alternating, intermittent 


spinal fluid was normal. Its sugar content 
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was 44 mg. per 100 ml. The bone age was 11 
months, and skeletal development was there- 
fore somewhat retarded. An electroencepha- 
logram was interpreted as follows: “Record 
is moderately choppy without evidence of 
basic frequency, consisting of 2-8 per second 
activity in all leads. There are suggestive 
spike-like higher voltage waves in posterior 
and vertex leads. No amplitude asymmetry, 
non focal. Impression: although there are 
some spike-like processes within the record, 
on the whole it is indeterminate in relation 
to present complaints.” 

The clinical impression was of a convul- 
sive disorder, possibly on a hypoglycemic 
basis, and some brain injury. Elixir of pheno- 
barbital was prescribed despite which 2 more 
convulsions occurred. With increase in dos- 
age of phenobarbital to /2 grain three times 
a day and insistence on regular meals with- 
out long fasts, she then went some 6 months 
without convulsions. When she returned on 
Aug. 1, 1957, at the age of 2 years, a blood 
sugar of 21 mg. per 100 ml. was observed, 
and the patient was then admitted to the St. 
Louis Children’s Hospital for study. 

Spinal fluid sugar was also 21 mg. per 100 
ml., but otherwise the spinal fluid was again 
normal. The clinical response to intravenous 
glucose was quite good and prompt. A 24 
hour blood sugar profile was obtained on 


Aug. 3, 1957 (Fig. 6), and was as follows: 


C.W.B.T.S. 
Time (mg./100 ml.) 
9:15 a. 123 (after breakfast) 
33S 84.0 
12:30 p 108 (after lunch) 
1:30 : 73.5 
2:30 p. 128 
3:30 Pp 134 
5:30 P.M. 86.5 (after supper) 
9:30 p.m. 74.0 
1:30 a.m. 56.0 
5:30 am. 56.0 


) 
3:30 A 84.0 (after breakfast) 


The values seemed just a little too variable 
for those of a 2-year-old child, especially the 
low ones of 56 during the early morning 
hours. 

An insulin tolerance test (0.25 unit per 
kilogram) made on August 8 (Fig. 7) was 


as follows: 


February 1960 


C.W.B.T.S. 
Time (mg./100 ml.) 


0 62.0 
20 minutes 30.0 
40 minutes 34.0 
90 minutes 22.0 Generalized con- 
vulsion. Given 
0.2 ml. Adren- 
alin 
15 minutes 128.0 
30 minutes 100.0 
3 hours 41.0 
5 hours 24.0 


This test suggested a high degree of sensi- 
tivity to insulin with its effect lasting either 
longer than usual or being complicated by a 
secondary secretion of insulin in response 
to Adrenalin. Adrenalin had a good, if 
but temporary, effect in restoring a normal 
blood sugar level. An EEG later in the day 
was interpreted as being within normal 
limits. 

On Aug. 9, 1957, a standard glucose toler- 
ance test was obtained (Fig. 8): 

C.W.B.T.S. 

Time (mg./100 mi.) 
Fasting 56.0 
Y% hour 134.0 
1 hour 100.0 
2 hours 86.0 
3 hours 41.0 
4 hours 43.0 
5 hours 43.0 

This test confirmed the tendency toward 
a rather low fasting blood sugar level. It also 
revealed a fall to below the original level 
after the initial hyperglycemia, but not to a 
severely hypoglycemic level as in the pre- 
ceding case with the pancreatic tumor. 

On August 10 a standard galactose toler- 
ance test (1.75 Gm. per kilogram) was per- 
formed (Fig. 8), as follows: 


Galactose Glucose 
Time (mg./100 ml.) (mg./100 ml.) 
0 0.0 67.4 
VY, hour 72.0 96.9 
1 hour 95.0 78.4 
2 hours 14.1 77.0 
3 hours 0.0 77.0 


The peak of the galactosemia was higher 
than usual, but its duration was not pro- 
longed. It was felt, however, that random 
simultaneous determinations of both glucose 
and galactose were in order, to be certain 
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Glucose Galactose 
(mg./100 (mg./100 
Date Time ml.) ml.) 





14/57 Fasting a 3.0 
14/57 45 minutes after 116.0 3.0 
eating 
14/57 Pre-lunch 77.1 
45 minutes after 37. 
eating 
15/57 Fasting 





hat abnormal galactosemia was not part of 
the picture. 

Such values were as shown in Table V. 

Any significant galactosemia in response 
to ordinary meals was thus ruled out. 

On August 12 the child was seen by one of 
us (B. M. C.) for a cursory psychological 
examination with the following findings: 
“Current developmental level is approxi- 
mately that of 18 months, which indicates a 
retardation of approximately 25 per cent. 
During the examination the child did not 
vocalize except for an occasional “Hmmm 
-a,” which seems to mean “give me.” She 
had a short attention span and quickly lost 
interest in most of the toys. However, when 
one interested her, she could be quite persist- 
ent. The child should be retested in about 6 
months in order to have a more reliable 
estimate; the fact that she is currently hos- 
pitalized must be taken into consideration in 
interpreting this score.” 

On Aug. 21, 1957, after a 6 hour fast, 1.68 
Gm. of 1-leucine (0.15 Gm. per kilogram) 
was given by nasal tube with the following 
results (Fig. 7): 

C.W.B.T.S. 
Time (mg./100 ml.) 
Before 84.0 
15 minutes after 51.8 


30 minutes after 36.7 


{5 minutes after 25.9 Convulsion. 


Adrenalin 
0.2 c.c. 
15 minutes later 69.1 
Compared to the effects of 0.25 units per 
ilogram of insulin, the hypoglycemic effect 
f leucine was both more rapid and more 
itense. As with the insulin-induced hypo- 
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glycemia, Adrenalin gave a prompt hyper- 
glycemic response with immediate recovery 
from the clinical manifestations. Later blood 
sugar levels were not followed to note any 
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Table VI 


C.W.B.T.S. 
Time (mg./100 ml.) 


February 1960 


Remarks 





Fasting 68.0 


After eating 
15 minutes 
30 minutes 
45 minutes 
60 minutes 
90 minutes 


secondary hypoglycemia following leucine- 
Adrenalin as occurred with the previous 
insulin-Adrenalin administration. 

On Aug. 22, 1957, the response to glu- 
cagon (20 meg. per kilogram) after a 6 hour 
fast was as follows (Fig. 8 

C.W.B.T.S. 
Time (mg./100 ml.) 
0 62.0 


15 minute 139.0 
30 minutes 93.6 


{5 minutes 53. ! 
3. 


60 minutes 
90 minutes 53.5 

Thus it was evident that liver glycogen 
was present after a 6 hour fast which could 
be quickly mobilized by glucagon. 

Response to a small amount of potential 

leucine in the form of casein hydrolysate 
Amigen) which is so often fed to infants 
with diarrhea (who frequently become hy- 
poglycemic) was now investigated with the 
results shown in Fig. 7 and Table VI. 

Thus in this smaller dosage together with 
the other amino acids of casein hydrolysate 
and 3.3 Gm. dextrose there was no hypo- 
glycemic effect. 

It was now decided to put Rose Marie on 
a 1,100 calorie diet, to which protein low in 
leucine contributed 15 per cent, and to fol- 
low her as an outpatient. 

For approximately 2 months she did well. 
Then, associated with oversleeping and a 
delay in eating breakfast, a convulsion oc- 
curred. Adrenalin given by the parents was 
followed in 8 minutes by recovery. 

On Nev 29, 1957, she was readmitted for 


surgical correction of the esotropia. As a 


Fed 95 c.c. D.A.S. (dextrose-Amigen-salt) (3.3 Gm 
Amigen equivalent to 0.45 Gm. leucine or 0.03 Gm. 


kg.) 


precautionary measure intravenous glucose 
was given just prior to the operation, which 
was without complication. She had gained 
1.4 kilograms during the 3 months on the 
low leucine diet, which was prescribed as 
follows: protein 42 Gm., fat 44 Gm., carbo- 
hydrate 138 Gm., calories 1,116, leucine 3.41 
Gm., isoleucine 2.19 Gm. 

On Dec. 5, 1957, 3.3 Gm. of Amigen 
without dextrose (equivalent to 0.03 Gm. 
per kilogram of leucine) was fed by nasal 
tube with the following results (Fig. 7): 

C.W.B.T.S. 
Time (mg./100 ml.) 

Fasting 63.0 
After eating 

15 minutes 56.0 

30 minutes 61.0 

45 minutes 69.0 

60 minutes 74.0 

Again the smaller dose of leucine with the 
other amino acids of casein hydrolysate but 
without dextrose failed to produce hypo- 
glycemia. 

Another psychological test was made at 
this time, with the following results: “She 
was first lethargic and almost inert (9:00 
A.M.), passively accepted persons and objects, 
but gave almost no response. Finally, after 
much attention and babying she warmed up 
a bit and began to play with some of the 
test materials. However, she was quite nega- 
tivistic and would manipulate only the toys 
she found interesting. Her behavior was very 
“coy” (and quite effective) and I would 
presume she makes frequent use of this type 
of behavior as a control technique at home. 
Performance on the Stanford-Binet gives 
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Rose Marie a mental age of approximately 
23 months, I.Q. 79. This is very consistent 
with the performance level demonstrated 4 
months ago, and probably is a reliable pre- 
diction of the level of ability the child can 
be expected to show later.” 

After discharge from the hospital she was 
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preceded by drowsiness. On Nov. 4, 1958, 
his blood sugar was found to be 28 mg. per 
100 ml., and he was sent to the St. Louis 
Children’s Hospital. At this time the boy 
seemed like a normal 11-month-old infant. 
The 24 hour blood sugar curve revealed fre- 
quent low values, two of which were asso- 


seen in the outpatient department on Dec. 28, ciated with convulsive seizures: 
1957, and Jan. 20 and Feb. 15, 1958. She 


was still doing well and had experienced no 


Time Mzg./100 ml. 
P.M. 100* 
P.M. 70 
P.M. 73 
P.M. 70 
P.M. 49* 
P.M. 73 
P.M. 49 
midnight 29 
A.M. 45 
A.M. 70* 
A.M. 82* 
A.M. 
A.M. 88 
A.M. 98t 
A.M. 53 


—_ , : noon 29 
2, 1957. At the age of 6 weeks he had his rey 43 


further hypoglycemic attacks. 


SOD UI 


The family then moved from the St. Louis 


oo 


area, leaving no forwarding address and the 


child has not been heard from since. 


— 


OOD & fo ho 


An analysis of a typical day’s diet which 
seemed low enough in leucine to prevent 
hypoglycemia, but high enough to allow for 
growth is shown in Table VII. 

Case 3. Steven P.: 


sensitive. 


29* 
insulin and leucine 


This boy seemed normal at birth on Dec. 


> 


first convulsion, which was generalized with 3 P.M. 80* 
the eyes deviated to the left. At the age of ny 44 


34 months, a second and similar convulsion ™ ” 
occurred, again with head and eyes turned Convulsion at 11:30 a.m., given orange juice. 
to the left side. Clonic movements of the Convulsion at 1:30 p.m., given orange juice. 
extremities were followed by unconscious- “waren fonting. 
ness. Seizures then recurred, first every week et pom 


or two, then gradually becoming more fre- Two days later our standard insulin toler- 


quent and lasting longer, and often being ance test (0.25 unit per kilogram) was 


Table VII. Low leucine diet as prescribed Aug. 24, 1957. 

Carbo- 
Isoleucine | Leucine Protein Fat hydrate 

Food Amount (Gm.) (Gm.) (Gm.) (Gm.) (Gm.) 


Cornflakes Y cup, 15 Gm. .0459 .1570 ; 12.2 
Sugar 16.0 
Milk 1 % cup (420) .9366 1.4448 2.6 ' 21.0 
Fruit (oranges) 150 Gm. 13.0 
Bread 1% slice (30 Gm.) .1287 .2004 3: 15.0 
Butter 1 tablespoon . 

Meat (pork chop) 1 small (45 Gm.) .3789 5431 

Green beans Y% cup (100 Gm.) .0450 .0580 

Potatoes ¥% cup (25 Gm.) .0220 .0250 

Meat (hamburger) 5 ounces (65 Gm.) 5440 8521 

Peas Y% cup (40 Gm.) .0624 .0848 

100 Gm. .0290 .0410 

Yacup (75 Gm.) 


Calories 





Tomatoes 
Bananas 
Cantaloupe 





Total 
Per kg. 
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made, showing him to be very insulin-sensi- 


tive: 


C.W.B.T.S. 

Time (mg./100 ml.) 
Fasting 69 
20 minutes 27 
35 minutes 
50 minutes 
80 minutes Orange juice 120 c.c. 
100 minutes 
160 minutes 38 


The following day a normal response to 
Adrenalin (0.25 mg.) was demonstrated: 
C.W.B.T.S. 
Time (mg./100 ml.) 
0 (Fasting 64 
20 minutes 117 
10 minutes 117 
50 minutes 89 


90 minutes 80 
120 minutes 80 


Next a standard glucose tolerance test 
(1.75 mg. per kilogram) was given, and an 
unusually early and unexpected fall in blood 
sugar to 20 occurred after the initial slight 
rise from 70 to 80 mg. per 100 ml.: 

C.W.B.T.S. 
Time (mg./100 ml.) 


0 (Fasting) 70 
30 minutes 80 
60 minutes 37 
120 minutes 20 
180 minutes 53 


This response to glucose was very similar 
to one of the responses of the patient with 


the islet cell adenoma. 


Table VIII 


Date 


February 196( 


A glucagon test (20 mcg. per kilogram in- 
travenously), starting with the moderately 
low fasting value of 43 mg., then showed a 
moderate rise to 82 mg., with a subsequent 
fall to no lower than 52 mg.: 

C.W.B.T.S. 
Time (mg./100 ml.) 
0 (Fasting) 43 
20 minutes 82 
40 minutes 78 
60 minutes 73 
90 minutes 56 
120 minutes 52 


On Nov. 26, 1958, l-leucine was adminis- 
tered by nasal gavage in the standard dose 
of 0.15 Gm. per kilogram, with the following 
results: 

C.W.B.T.S. 

Time (mg./100 ml.) 
7:45 a.m. 65.0 


Leucine 

(Gm.) 
1.3 at 8:00 8:15 
8:23 a.m. 30.2 (Galac-Unconscious, with grand 

tose 8.5) mal seizure; given in- 

travenous glucose (8 
Gm.) with slow re- 
sponse 


4:30 p.m. 104.0 


As in the previous case (Rose Marie Z.) 
compared to 0.25 units per kilogram of in- 
sulin, ]-leucine had both a more rapid and a 
more profound hypoglycemic effect. The 
clinical response to glucose (8 Gm. intra- 
venously) was not as prompt as expected. 

During the next 10 days casein in the form 
of Casec was administered on 4 occasions, 


CW.B.T.S. 
(mg./100 ml.) 


Casec (Gm.) 





32.4 
26.9 


11/19/58 


42.8 


Lost 
1.5 
77. 


21.2 Sweating 


9 * 


17. 


nt i i i a a a 


13.5 (1.5 Gm/kg.) 


22.4 Crying, sweating 


13.5 


96.3 Limp, unresponsive, no sweating, etc. 


21.2 Given orange juice 


No definite symptoms 








Volume 56 Number 2 


each time the amount being 1.5 Gm. per 
kilogram, with a potential leucine dose 
equivalent to the standard test dose, 0.15 
Gm. per kilogram (Table VIII). 

The first test was thought to be positive, 
but the initial blood sugar level was quite 
low. In the second test the blood sugar level 
rose sharply, despite the appearance of symp- 
toms that might have been interpreted as 
hypoglycemic. In the third attempt, the 
initial sugar determination was lost. A rise 
from 21.2 to 77.0 mg. then occurred in 30 
minutes, to be followed by a fall to 21.2 in 
the next 15 minutes, with marked sweating. 
The fourth administration was associated 
with a very steady blood sugar at the low 
level of 22.3 mg. but was not provocative of 
clinical symptoms. 

Casein hydrolysate was then administered 
in similar dosage on Dec. 3, 1958. In 15 
minutes the blood sugar fell from the very 
low initial value of 17.6 without symptoms 
to 14.3 with typical symptoms, and then rose 
somewhat after administration of Adrenalin: 

C.W.B.T.S. 
Time (mg./100 ml.) 


3:40 p.m. 17.6 
3:55 p.m. 14.3 


Amigen (Gm.) 
15 (1.5 Gm./kg.) 
Limp, right seventh 

nerve palsy 
10 minutes after 0.2 

ml. Adrenalin 


4:10 p.m. 32.4 


The next day, December 4, a second 
standard glucose tolerance test was given 
with the following results: 


C.W.B.T.S. 
Time (mg./100 ml.) 


Fasting 51.8 
30 minutes 147.8 
60 minutes 105.2 
120 minutes 43.4 
180 minutes 32.4 


This time a greater early hyperglycemia 
was noted, followed again by a marked and 
more sustained hypoglycemia suggestive of 
abnormal induced hyperinsulinism. 

We now wondered whether leucine would 
have a hypoglycemic effect after priming 
with glucose in an amount calculated to be 
at least twice what could be burned up, 
assuming a normal total metabolic rate of 
100 calories per kilogram with carbohydrate 
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contributing 50 per cent. Under such condi- 
tions it was felt that glycogen stores would 
be increased. Accordingly +4 Gm. of glucose 
was given in 60 c.c. of orange juice every 
hour for 6 hours prior to leucine administra- 
tion. The results were as follows: 


C.W.B.T.S. 
Time (mg./100 ml.) 
9:00 a.m. 32.4 Glucose 4 Gm. in 60 
c.c. 
:00 A.M. 60.5 Orange juice every 
hour for 6 hours 
2:00 noon 91.0 
:00 p.m. 81.7. Leucine 1.5 Gm. 
:15 p.m. 39.8 
:30 P.M. 4.0 Irritable, weak 
clonic jerking of 
jaw 
7:35 p.m. 0.0 Glucagon 200 meg. 
intravenously 
1:50 p.m. 56.0 No symptoms 
2:05 p.m. 78.0 
2:20 p.m. 76.0 


Again an astounding fall in blood sugar 
occurred from 81.7 to 39.8 in the first and 
then to 4.0 in the next 15 minute period. 
With the blood sugar level so low that it was 
not measurable at 35 minutes, clinical mani- 


festations developed; they were promptly 


relieved by glucagon. It was, therefore, clear 
that leucine had its effect in the presence of 
glycogen readily mobilized by exogenous 
glucagon. 

Through the kindness of Dr. Daniel Azar- 
noff, we were now able to investigate the 
possible effects of beta methyl, beta hydroxy 
glutaric acid, one of the intermediates of 
leucine metabolism before the terminal one 
of acetoacetate. A dose of 0.6 Gm., equiva- 
lent to 40 per cent of the standard leucine 
dose, was given at 2:15 p.m. During the next 
15 minutes, the blood sugar level rose from 
44.9 to 64.9, and then in the next quarter 
hour fell sharply to 34.9, and then to 26.9. 
The child remained alert and _ playful 
throughout the test (Table IX). 

Since we had no controls at 15 minute 
intervals, and since hourly fluctuations in our 
original 24 hour profile showed as much as a 
45 mg. fall in one hour, we were at a loss to 
interpret these results. 

Next another metabolic intermediate, beta 
methyl crotonic acid, was given in a dose 
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Table IX 


Time 


February 1960 


C.W.B.T.S. 
(mg./100 ml.) 





5:00 
3:00 


1:15 
2:15 


2:30 


) 


0.93 Gm.) equivalent to 60 per cent of the 
standard leucine test dose, with the following 
results: 

C.W.B.T.S. 
Time (mg./100 ml.) 
$7.3. 10 Gm. glucose every hour 
for 6 hours 

84.0 
81.6 0.93 Gm. beta methyl cro- 
tonic acid at 12:45 p.m. 

9 

8 No hypoglycemic symp- 
toms during test 

eum 
2.8 

51.8 
60.4 “Spell” 1 hour after eating 
with the glutaric acid intermediate, 
some fall in blood sugar occurred, but not 
more than might have occurred spontane- 
ously and without the production of clinical 
symptoms. Paradoxically, a typical spell 
occurred | hour after the evening meal 
which followed the conclusion of the test. 

Prior to this test the glucose priming was at 
a heavier rate—-10 Gm. every hour for 6 
hours. 

We now felt that we had to get 15 minute 
controls after priming with glucose. Accord- 
ingly, starting at 6 a.m., 4 Gm. glucose was 
given in 60 c.c. orange juice every hour for 
6 hours, and then 2 hours later blood sugar 
samples were taken every 15 minutes, with 
the following results: 

CWBIS 
Time mg./100 ml.) 
6:00 a.m. 17.3 
9:00 a.m. 59.4 
1:00 Pim. 22.4 


No test substance 
during first 15 
minutes 


2 hours post feeding 

2 hours post feeding 

10 minutes post feeding 

.66 Gm. beta methyl, beta hydroxy glutaric acid 
(40% of leucine dose ) 


Alert, playful throughout test 


Significance? 


C.W.B.TS. 
Time (mg./100 ml.) 
:15 P.M. 42.8 
:30 P.M. 47.3 Questionable signs 
of hypoglycemia 
745 P.M. 
2:00 P.M. 


2 
o 
Q 
3 


Spontaneous 
recovery 
2:30 p.m. 42.8 


Note that at the start and at the midperiod 
of glucose priming, adequate blood sugar 
levels were present but, 2 hours after priming, 
when a test substance might have been given, 
the low value of 22.4 was found with ques- 
tionable symptoms, then a spontaneous rise 
occurred in the next 15 minutes to the start- 
ing value, with maintenance at that level for 
the remainder of the 14% hour test. These 
results seemed to favor the possibility that 
the intermediate metabolites had some leu- 
cine effect. So we felt it worth while next to 
study effects of leucine in comparable sub- 
standard dosage. On Dec. 17, 1958, after 
hourly priming with 4 Gm. glucose in orange 
juice for 6 hours, 0.4 Gm. of leucine (0.04 
Gm. per kilogram, or approximately 25 per 
cent of the standard dose) was gavaged at 
same time of day, and with following results: 

C.W.B.T.S. 

Time (mg./100 ml.) 


5:10 a.m. 38.6 
9:00 a.m. 58.6 
745 Pom. 66.5 
:15 p.m. 27.6 


Start of hourly glucose 


Leucine at 1 P.M. 
At 1:25 marked 
weakness 

:30 P.M. 3. At 1:30 Adrenalin 0.2 
c.c. 

:40 P.M. 6 Recovery in 15 
minutes 

:10 P.M. At 5:15 convulsion 
(?) 


5:15 p.m. Postictal lethargy 





) 


Volume 56 Number 2 


Note that even at this low dosage level, a 
fall in blood glucose of 53 mg. occurred in 
30 minutes with typical clinical manifesta- 
tions, promptly relieved by Adrenalin, only 
to reappear after the evening meal following 
the test. This dose of leucine was less than 
half the equivalent dose of beta methyl cro- 
tonic acid and only about 60 per cent of the 
equivalent dose of beta methyl, beta hydroxy 
glutaric acid, neither of which had a clear- 
cut effect. 

We still felt that we had to rule out an 
insulin-stimulating effect by the hourly ad- 
ministration of 4 Gm. glucose in 60 c.c. 
orange juice. We decided to give the glucose 
more steadily by nasal gavage, 1 Gm. in 10 
c.c. water washed down with 5 c.c. water 
every 12 minutes for 5 hours. The results 
were as follows: 

C.W.B.T.S. 
(mg./100 ml.) 

47.0 
28.0 


Time 
8:45 a.m. 
1:45 p.m. 15 minutes before 


priming 


Table X. Diet for Steven P., Dec. 26, 1958 


Isoleucine| Leucine 


Food Amount (Gm.) 
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C.W.B.T.S. 
(mg./100 ml.) 
66.5 
75.5 
49.0 
86.0 
53.0 


Time 
3:00 
:00 p.m. 
5:00 p.m. 
9:00 P.M. 
:00 P.M. 


After 1 hour 
After 2 hours 
After 3 hours 
After 4 hours 
After 5 hours 


P.M. 


We 
sugar level in the normal range by this 


now achieved a fairly stable blood 


method of priming. 

With such priming we reinvestigated the 
effects of the standard dose of leucine, with 
the following results: 


C.W.B.T.S. 
(mg./100 
ml.) 
66.5 
118.0 
67.0 


75.5 


Time 
2:00 p.m. 
3:00 p.m. 

:00 P.M. 
4:15 P.M. 


At start of priming 

After 1 hour 

After 2 hours 

Leucine 1.5 Gm. at 4:00 
P.M. 

Vomited most (?) of the 
leucine 

Then incoordination and 
slump. Adrenalin at 
4:50 


4:30 p.m. 19.2 


4:45 p.m. 


Carbo- 
hydrate 


Protein Fat 
(Gm.) 


(Gm.) (Gm.) | Calories 


(Gm.) 





tablespoons 
teaspoons 
ounces 
Gm. 

) Gm. 
teaspoons 
C2. 

3 Gm. 


c.c. 


Pablum rice 

Sugar 

Strained fruit 
Strained meat 
Strained squash 
Butter 

Milk (whole) 
Dextri-Maltose No. 1 
Orange juice 

Total 


9.4127 


Table XI. Breakfast and dinner 





Amount (Gm.) 


Food 


, Dec. 27, 1958 


| Isoleucine 


| 


11.2 
16. 
20.8 


1. “a 


1.5 


3.7306 


| | 
| Protein 
(Gm.) | 


Carbo- | 
hydrate | 


Fat 
(Gm.) Calories 


(Gm.) 


Leucine 
(Gm.) 





26 Gm. 
450 c.c. 
100 Gm. 
6 tablespoons 
50 Gm. 
38 Gm. 


Dextri-Maltose No. 1 
Formula 

Fruit (applesauce) 
Cereal 

Strained green beans 
Strained lamb 


.9923 


.0225 
3545 





1.3693 


26. 
22.5 
14.6 

, i 11.2 
.0290 S. 
5297 


2.0895 


1.5308 asia 


77.3 «599 





1 cc. milk = 3.44 mg. leucine. 


1 Gm. meat = 13.1 mg. leucine. 
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Again, even though much of the leucine 
was vomited 30 minutes after its administra- 
tion, the blood sugar level fell 56 mg. per 
100 ml. Fifteen minutes later, with spontane- 
ous recovery of the blood sugar from 19.2 to 
56.0 mg., incoordination and marked weak- 
ness appeared. This raised the question of a 
delayed or double effect, such as was seen 
after the substandard dose of leucine and 
after the beta methyl crotonic acid. 

We now felt that it might be worth while 
to analyze all food eaten (Tables X and XI) 
with respect to leucine content, and obtain 
blood sugar determinations at hourly inter- 
vals for a 24 hour period on Dec. 26, 1958, 
to note any correlation between blood sugar 
levels and food intake. The results were as 
follows: 


C.W.B.T.S Leucine 
Time (mg./100 ml.) (mg.) 

8:30 am 513 
9:00 A.M. 31.5 

:00 a.m 39.2 310 

:00 noon $4.5 

[00 P.M. 23.0 

:00 p.m 18.7 

:30 Pim 

+:00 pm 

[00 Pim. 

:00 P.M. 

-00 Pim 

:00 P.M. 

:00 P.M. 

:00 Pim. 

:00 Pim 

:00 P.M. 

:00 midnight 

:00 a.m. 
2:00 a.m. 
3:00 a.m. 
3:10 a.m 

:00 a.m. 
5:00 a.m. 
9:10 a.m 

:00 a.m 

:00 a.m. 

:30 A.M. 
9:00 a.m. 39. 
10:00 a.m. Dee 
11:00 a.m. 


wn é 


Nw Sw OU 
~! “ 


a 


3 
2 
3 


From this analysis it was apparent that 
frequently during a 24 hour period the in- 
take of potential leucine (chiefly in the form 
of milk and meat protein) approached or 
exceeded 0.04 Gm. per kilogram, which, by 
itself, would produce profound hypoglycemia. 
The data also suggested the possibility of an 


February 1960 


accumulative effect from two or more feed- 

ings at short intervals. If isovaleric acid had 

an effect similar to that of leucine, as was 

true in the studies of Cochrane and his asso- 

ciates,* the frequent low blood sugar values 

could easily have been the result of the 

ordinary infant diet fed to Steven. 
Consequently, at this point in our studies 

we felt that Steven should be placed on a 

low leucine diet and observed. As may be 

seen from the following tabulation, random 

blood sugar determinations during the first 

10 days were much better, only two moder- 

ately low values being encountered. Further- 

more, there were no clinical episodes sug- 

gesting hypoglycemia during this period. 

C.W.B.T.S. 

(mg./100 ml.) 

:40 P.M. 75.0 

745 P.M. 36.0 

:40 P.M. 79.0 

715 P.M. 35.0 

15 A.M. 73.5 

30 P.M. 52.9 

45 A.M. 91.5 

215 P.M. 82.0 

730 P.M. 49.0 

:30 p.m. 48.7 


Date Time 


1/4/59 


1/9 

1/10 
1/10 
1/12 
1/13 


POounmwwot. uwn~ 


On Jan. 2, 1959, the leucine content of the 
food eaten was calculated and correlated 
with another 24 hour blood sugar profile: 


C.W.B.T.S. 
(mg./100 ml.) 


:20 P.M. 62.0 
:20 P.M. 70.8 
:20 P.M. 32.1 
:20 40.0 
:20 53.0 
:20 53.0 
:20 44.5 
:20 94.5 
:20 70.5 
:20 66.0 
:20 62.0 
:20 44.5 
:20 70.5 
99.5 
44.5 
53.0 
66.0 
57.5 
71.0 
59.0 
71.0 
62.0 
185.0 
62.0 


Date Time 


1/2/59 
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Table XII. Low leucine diet as prescribed Dec. 31, 1958 


| Isoleucine 
Food Amount (Gm.) 


Leucine (Gm.) Fat 
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Ca rbo- 
hydrate 


(Gm.) Protein (Gm.) (Gm.) Calories 





fo 2) 


tablespoons 
teaspoons 

jar, 100 Gm. 
ounce, 30 Gm. 
jar, 100 Gm. 
teaspoons 

jar, 100 Gm. 
ounce, 30 Gm. 


Pablum rice 
Sugar 
Applesauce 
Strained beef 
Strained peas 
Butter 

Strained pears 
Strained chicken 
Strained green beans jar, 100 Gm. 
Strained peaches 1 jar, 100 Gm. 
Milk 240 Gm. 
Orange juice 480 Gm. 
Dextri-Maltose No. 1 58 Gm. 


ee ee 


Total 
Per kg. 


1.0 1 11.2 
16.0 
20.8 


— 


.3933 
.2120 


_ 


— 
> 
com & OOD 


.4470 
.0580 


ho 


ho Ut te + bo 


Dio = 


8256 





As may be noted, no clinical manifesta- 
tions of hypoglycemia or any very low blood 
sugar values were noted, and only once did 
the potential leucine intake approach 0.04 
Gm. per kilogram. 

On Jan. 14, 1959, while on a low leucine 
diet (Table XII) Steven was again given 
0.12 Gm. per kilogram of beta methyl, beta 
hydroxy glutaric acid, with little or no fall in 
blood sugar level which remained remark- 
ably constant at 40.2 mg. per 100 ml.: 


C.W.B.T.S. 
Time (mg./100 ml.) 
:30 P.M. S22 
2:40 P.M. 36.5 
3:45 p.m. 49.0 Beta methyl, beta 
hydroxy glutaric 
acid given in milk 
40.2 
40.2 
40.2 Slight pallor and 
irritable 
40.2 
40.2 
40.2 
40.2 


On Jan. 16, 1959, the substandard dose of 
leucine—0.04 Gm. per kilogram— was again 
given, while the diet was still low in leucine, 
with no glucose priming. Again both clinical 
and laboratory hypoglycemia developed 
promptly, the blood sugar level falling from 
40.2 to 12.6 in 15 minutes and to 8.2 in the 


next quarter hour. Again Adrenalin pro- 


duced good recovery: 


C.W.B.T.S. 
Time (mg./100 ml.) 
2:45 p.m. 36.5 
3:40 P.M. 40.2 Leucine 0.04 Gm./ 
kg. at 4:05 p.m. 
After lunch 
15 minutes 
30 minutes 
45 minutes Limp. Adrenalin 
0.3 c.c. at 4:52 
P.M. 
121.0 30 minutes after 
Adrenalin 
130.0 90 minutes after 
Adrenalin 


On January 20, 0.93 Gm. beta methyl cro- 
tonic acid, equivalent to 60 per cent of the 
standard leucine dose, was again given, the 
diet still being low in leucine. No fall oc- 
curred during the first 15 minute period, but 
during the next, a fall from 57.5 to 27.7 mg. 
was noted, without production of symptoms 
and with partial spontaneous recovery during 
the next 30 minutes: 

C.W.B.T.S. 

Date Time (mg./100 ml.) 
:00 a.m. 
730 P.M. 
710 p.m. 
710 p.m. 
:25 P.M. 
740 P.M. 
210 p.m. 


1 
1 


Crotonic acid 


wun uw 


No clinical signs 


pn sISI OO ~ 
oo SI Uo es 


— ro 


Continued on p. 232. 
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231 C.W.B.T.S. 
C.W.B.T.S Time (mg./100 mi.) 


Date Time (mg./100 ml.) 4: P.M. 45.2 
8.7 ) 10:15 a.m. 116.0 


ontinued from p 


10:25 p.m 
10:40 p.m 18.5 P.M. 52.9 


11:40 Pim 57.5 9: A.M. 95.1 
.M. 35.5 


1/21 12:40 a.m 66.4 
aa ss . A.M. 74.6 
Che effect this time of the beta methyl - 107.2 
: és .M. 4.2 
crotonic acid was somewhat greater than on -98 an 97.9 
December 10, when the diet had not been $:! M. 83.0 
: ait M. 45.2 
low in leucine, but when there was prelimi- . : 
ss . : .M. 61.8 
nary priming with glucose. “1% one 66.4 
On January 21, 1.2 Gm. potassium aceto- M. 71.0 
RET ms 2/ A.M. 40.2 
acetate was administered. In 15 minutes the , “e 
, . . o ‘ 715 A.M. 103.5 
blood sugar level fell from 52.1 to 31.5 mg., 3. os. 63.8 
without production of clinical symptoms, and A.M. 62.2 
- z ‘ 54.7 
then spontaneously recovered to 60.8 during a. sg 
. : ‘ ‘ é/. a: .M. 66.9 
the next half hour. Complicating interpreta- : 9:00 a.m. 96.0 
tion, however, is the fact that the blood M. 36.5 
sugar level fell from 69.4 to 52.1 during the 
15 minutes prior to the administration of the 
acetoacetate by gavage: 
C.W.B.T.S 
Time (me./100 ml 
:45 69.4 
00 52.1 K-Acetoacetate / . A.M. 59.2 
No clinical signs 45 pe. 63.8 


) 
: 30 . +3 
45 Pu 60.8 3:05 P.M. 28.5 
t 3:35 p.m. 19.6 
“$e 1 3:50 P.M. 19.6 
»:30 Pur 3.4 4:05 p.m. 19.6 
3 


n. Leucine 


} 
} 
t:15 31 
I 
} 


:00 Pp. +3 


5:15 Pp +3 


6:45 p.m 60 
8:50 Pim 60 


No Clinical Signs 
8:30 a.m. 72.9 


It was now decided to supplement the low 2:40 a.m. 45.5R*(?) 


leucine diet with Aristocort, 2 mg. twice . 3:15 P.M. 111.8 
. 7:30 A.M. 45.6 


daily. As can be seen in the following tabula- 4:58 am. 63.8 


¢ 
‘ 

§ 
‘ 


tion, during the next month only one definite 2 215 a.m. 54.7 
:00 P.M. 60.0 
:00 P.M. 71.0 
a6 ao ie, ee . . e 9 

1:15 p.m. on February 28, and few of the ; Pet 67.0 


clinical episode of hypoglycemia occurred, at 


many random blood samples showed hypo- 3:30 p.m. 62.0 
‘ :15 am. 58.0 
; . 3 ‘ ‘ 5:00 p.m. 105.0 
of leucine (0.04 Gm. per kilogram) given at 5 i oo 100.0 


glycemic values. Another substandard dose 


3:05 p.m. on February 11 again caused a 4:00 p.m. 73.0 
715 a.m. 78.0 
n s ag “ 5:00 p.m. 62.0 
2:45 p.m. to 28.5 at 3:30 p.m., then to 19.6 9 /% 28 oo 96.0 


rapid fall in blood sugar, from 63.8 mg. at 


during the next quarter hour, at which level 3:20 p.m. 64.0 
7:45 AM. 41.0 
; 5:05 p.m. 46.2 
poglycemia were noted. a 1a 
C.W.B.T.S 2% -00 p.m. 

Date Time (mg./100 ml.) /2: -45 AM. 

e315 am 57.5 7:45 P.M. 

:30 AM. 69.4 2/2 :00 a.m. 

:15 Pim 70.8 :40 p.m. 


it became stabilized. No clinical signs of hy- 


I 
a] 


OOO ~~ 
Corns Ons 
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C.W.B.T.S. 
(mg./100 ml.) 
72.8 
33.0 
111.8 
41.1 
113.0 
68.0 
104.0 
24.2R* 

63.8 
97.9 


*Clinical hypoglycemic reaction. 


On this otherwise satisfactory regimen of 
Aristocort and low leucine diet, Steven ate 
poorly and failed to gain weight. 

It was decided to send him home on the 
same treatment regimen, with the hope that 
if he ate better at home he might gain 
weight. He was discharged on March 2, 
1959. He returned as an outpatient 5 weeks 
later on April 4, 1959. His weight then was 
8.9 kilograms. On May 2 it was 9.1 kilo- 
grams. On the day of discharge from the 
hospital it had been 9.2 kilograms. 

On restudy of the low leucine diet pre- 
scribed on Dec. 31, 1958, it became apparent 
that even if Steven ate everything offered, 
while getting 125 calories per kilogram, his 
daily intake of protein would be only 2.32 
Gm. per kilogram and the maximal intake 
of leucine and isoleucine would be 194 and 
131 mg. per kilogram, respectively. Holt’s* 
observations indicate that the minimal leu- 


cine requirement for growth is 150 to 229 
mg. per kilogram per day and that of iso- 
leucine 90 mg. Steven’s failure to gain 


weight might therefore have been due to too 
low a leucine intake. 

His last outpatient visit was on June 20, 
1959, 16 weeks after discharge. He had had 
no clinical symptoms of hypoglycemia or 
convulsions. His weight had been almost sta- 
tionary except for the past month when he 
gained a pound. During this period he had 
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begun to eat well. He continues to take 2 

mg. of Aristocort twice daily. 

The features in the cases of leucine sensi- 
tivity specially deserving of emphasis are: 

1. Both were also insulin sensitive. 

2. One was so sensitive to leucine that it 
was difficult to provide a diet low enough to 
furnish adequate requirements for growth. 

; 3 
3. Leucine exerted a profound hypoglyce- 
mic effect in the presence of adequate glyco- 
gen stores, which seemed not to be mobilized 
properly by the subject’s own mechanisms, 
but which could be readily mobilized by 
exogenous Adrenalin and glucagon. 

4. Despite insulin sensitivity, adminis- 
tration of glucose was often followed by 
hypoglycemia and suggested some type of 
hyperinsulinism. 

5. Two intermediates of ]-leucine metabo- 
lism, beta methyl crotonic acid and beta 
methyl, beta hydroxy, glutaric acid, seemed 
to have some hypoglycemic effect, which, 
however, was not marked and was difficult 
to demonstrate because of the tendency to- 
ward rapid spontaneous fluctuations of blood 
sugar concentrations. 

6. The rate of disappearance of glucose 
from the blood following leucine administra- 
tion is consistent with a normal rate of glu- 
cose utilization without glucose restoration 
from glycogen or protein sources. 
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Osteogenesis imperfecta and odontogenesis 


imperfecta: clinical and genetic aspects 


in eighteen fam ilies 


Florence M. Heys, Ph.D., Russell J. Blattner, M.D., and 


Hamilton B. G. Robinson, D.D.S., M.S. 


HOUSTON, TEXAS, AND KANSAS CITY, 


Ir 1s a pleasure to contribute to a Fest- 
schrift issue in honor of Dr. Borden S. Vee- 
der, and it is fitting that these studies’ * 
should have had their beginning some years 
ago at the St. Louis Children’s Hospital and 
at the Pediatric Clinics of the Washington 
University Schools of Medicine and Den- 
tistry. 

Osteogenesis imperfecta and odontogenesis 
imperfecta, types of defective bone and tooth 
development, are clinical entities the mani- 
festations of which are associated with mes- 
enchymal hypoplasia. These mesodermal dis- 
turbances are definitely familial and appear 
to be genetically dominant and autosomal 
but may be extremely variable in the degree 
of phenotypic expression. Several of the asso- 
ciated variations in development may be 
present in the same family or in any one 
individual member. It seems to be the gen- 


From the Department of Pediatrics, Baylor 
University College of Medicine, Houston, Texas, 


and the Dental School of the University of 
Kansas City, Mo 


MO. 


eral concensus at present that the various 
clinical features are expressions of the same 
basic pathologic state. These clinical features 
can be differentiated readily from those of 
Marfan’s syndrome which involves the bones 
and secondarily the teeth, and which also ap- 
pears to be associated with mesodermal dys- 
trophy.* Osteogenesis imperfecta is known 
also as fragile bones, brittle bones, Lobstein’s 
disease, and osteopsathyrosis idiopathica, a 
term used by Lobstein* in 1835. The disease 
has been recognized as a clinical entity for 
many years; it was identified relatively early 
as a failure of mesodermal development and 
was known to be associated in some instances 
with blue sclerae and/or otosclerosis and 
progressive deafness. A condition of the 
teeth commonly called hereditary opalescent 
dentin and described in dental and medical 
literature as odontogenesis imperfecta has 
been recognized as a pathologic process for 
about 50 years. Recently the more accurate 
term*:* “dentinogenesis imperfecta,” has been 
preferred since the failure is in the dentin 
which is mesodermal and not the enamel 
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Table I. Summary of eighteen families in- 
cluded in the present study 





5 families with defect known 
in 2 to 4 generations 

5 families with defect known 
in 2 to 6 generations 

8 families with defects 
known in 2 to 6 genera- 
tions 


Osteogenesis 
imperfecta 

Odontogenesis 
imperfecta 

Both conditions 


which is ectodermal in origin. Dentinogenesis 
imperfecta can be differentiated clinically 
from primary enamel defects such as the 
various forms of amelogenesis imperfecta.’ 
Most of the reviews concerned with develop- 
mental anomalies of the bones have made 
almost no mention of the simultaneous oc- 
currence of abnormal teeth in spite of the 
fact that a pathologic state involving the 
structures of mesodermal origin might well 
manifest itself readily in tooth as well as in 
bone formation. Within the past few years 
both conditions have been described accu- 
rately in the same patient. 

Our"? interest in these conditions was ini- 
tiated by a family with involvement of both 
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teeth and bones and by 3 families with only 
tooth manifestations. Over a period of years 
18 families have been encountered whose 
members have these developmental defects 
(Table I). In 3 of the 18 families the de- 
fects are known to have been present for six 
generations. One of the families, which was 
brought by the Dental 
Branch of the Children’s Clinic of the State 


University of Texas, shows both osteogenesis 


to our attention 


imperfecta and dentinogenesis imperfecta. In 
many of the affected members in this family 
the 
marked; a few fractures resulted from rela- 


bone manifestations have not been 
tively severe trauma in which there was good 
healing after prompt care. The tooth mani- 
the 


severe, with many members among the three 


festations, on other hand, have been 
known generations requiring full dentures 
during or before the adolescent years. More 
recently in this family a fourth-generation 
male child was delivered stillborn and showed 
typical manifestations of the congenita type 
of osteogenesis imperfecta: multiple fractures 
in utero, membranous cranium, and the like 
(Figs. 1-4). In two members of another fam- 




































half 
. rc aif sisters © 
e - YU same father LJ 
‘Soft bones 
“dork teeth” 
deaf 
died " ‘ 
3 yrs cousins “dark teeth" 
” € 0 deaf 
U—_,—_—_ YY blue pneumonia _died fractures 
blue sclerce, sclerae 3 mos, in 
many fractures only fractures childhood, 
in childhood, bive scleroe, 
dentures 
dentures in at 14 yrs 
adolescence 
x = om * 
—C) ‘double jointed’ —y 
fractures, “minor fractures” 
bive sclerae, blue sclerae blue sclerce, “dork teeth" 
deaf at 24 yrs, fractures, dentures no 
dentures loss of stillborn, children 
teeth no information 
blue scteroe 
deof at 20 yrs, 
dentures 
au normal no 
children 3 yrs 
normal 
stillborn 
osteogenesis 
SQUARES . MALES imperfecta 
CIRCLES : FEMALES congenita 


Pig. 1. Chart of genealogy of E family. 
blue sclerae, and deafness. 


Osteogenesis imperfecta, odontogenesis imperfecta, 
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ily the clinical manifestations answered the 
syndrome criteria originally listed by Lob- 
stein' and given the name “osteopsathyrosis 
idiopathica”: fragile bones, blue sclerae, and 
deafness (otosclerosis) which was progressive 
through childhood into adolescence. Some- 
what more recently these defects occurring 
in combination in the same individual have 
been called van der Hoeve’s syndrome.* Lax- 
ity of the joint capsules and the ligaments 
may be present in combination with any of 
the other manifestations (Figs. 5-7 

A condition closely resembling osteogene- 
sis imperfecta associated in some instances 
with joint laxity has been described in veter- 
inary medical literature,” ‘° occurring partic- 
ularly in Siamese and Burmese kittens. The 
condition has been reported also in some 
feline occupants of zoos, one entire litter be- 
ing affected among cougars raised in captiv- 


ity 


OSTEOGENESIS IMPERFECTA 


Clinically the disease seems to appear in 
two forms: osteogenesis imperfecta congenita 
and osteogenesis imperfecta tarda. However, 
as Willis,"' among others, points out, the sub- 
division of this disorder into prenatal and 
postnatal types is somewhat contrived since 
there is considerable evidence of a_ basic 
pathogenesis varying in severity and in time 
of clinical expression. The congenita form 
is severe with many fractures, particularly of 
the ribs and lower extremities, occurring in 
utero. Further fractures may be sustained 
during the process of birth, and the infant, 
if viable, may never be able to walk or may 
be dwarfed in stature with normal trunk 
proportions and very short extremities.* As 
a rule, in the severe congenita form of the 
disease the child is stillborn or dies in early 
infancy. In the 18 families in the present 
series two such instances have been known 
to occur. One infant was a stillborn male, 
and one a female who died on the third day 
of life. Two other patients, however, both 
males, may represent occurrences of the con- 
genita form in which fractures continued to 


occur in early childhood. Both these boys 


were invalids at the time of referral at age 
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Fig. 2. Stillborn male of E family. Osteogenesis 
imperfecta congenita. 


3 years and 12 years, respectively, and they 
are members of families ia which both bone 
and tooth manifestations occur (Figs. 8 and 
9). 

Several cases of the congenita type of the 
disease have been recorded in the literature 
within the past few years. Frerking and 
Zink"® were able to make this diagnosis in 
utero; X-ray examination was carried out on 
a 29-year-old mother in the sixth month of 
pregnancy. The pregnancy had been un- 
eventful until 3 weeks before admission when 
intermittent abdominal pain had become 
troublesome. When cramping increased and 
abdominal distention occurred, x-ray exam- 
performed revealed 


ination was which 
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Fig. 3. Roentgenogram of stillborn male of E 
family. Osteogenesis imperfecta. 


changes in the fetus compatible with the 
diagnosis of osteogenesis imperfecta congen- 
ita. The diagnosis was confirmed within a 
few hours by spontaneous delivery of a non- 
viable infant with multiple fractures and 
other characteristic features. This is believed 
by the authors to be the second case reported 
up to that time in which the diagnosis was 
made in utero. The first case was reported 
by Danelius'® in Germany. Goldfarb and 
Ford'* describe two consecutive female sib- 
lings with congenital osteogenesis imperfecta, 
one living to the age of 5 months and the 
other to approximately 52 months. Both had 
evidence of fractures in intra-uterine life, 
further fractures following birth, character- 
istic skull changes, and blue sclerae. 

Follis'® has made an exhaustive study of 
the pathogenesis of this congenita form of 
the disease including differential stains for 





Fig. 4. Roentgenogram of skull of a stillborn male 
of E family. Osteogenesis imperfecta congenita. 
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—C) Dutch and Irish 
English 


202020 @—=7 


Extensive "etartes® "Perfect 
Caries Teeth" 











3 years* 
ie owen 


16 yrs. 4. L 


Odontogenesis Odontogenesis Odontogenesis 
imperfecta; imperfecta; imperfecta; 


Dentures at Marked skeletal "Frail" 
15 yrs. deformities. 








Fractures 


History of 
recurrent 
fractures. 


Fig. 5. Chart of genealogy of W family. Osteogenesis imperfecta and odontogenesis imperfecta. 
( Aste ‘risk indicates history of recurrent dislocation of shoulder. ) 


the identification of various tissue abnormali- 
ties; this study is based on the complete ne- 
cropsy findings in a Negro infant who died 
within less than 30 minutes after birth. Follis 
describes the disease as a connective tissue 
diathesis characterized by a failure of retic- 
ulum to differentiate into mature collagen as 
demonstrated in the corium, sclera, and 
cornea. The presence in the bones of a mate- 
rial which stains intensely with the periodic- 
Schiff technique suggested to this author an 
immature form of bone matrix, bearing to 
bone a relationship comparable to that be- 
tween reticulum and immature collagen. 
Osteogenesis imperfecta tarda, which is 
the more common form of the disease, may 
have as its early manifestation only the blue 
“ppearance of the sclerae. McKusick® states 
that this constitutes “the ocular hallmark” 
of the syndrome. The blue color which varies 
from the so-called “‘robin’s-egg” blue to slate 
blue results from the thinness and transpar- 
ency of the sclera which permits the under- 
lying choroid coat to show through. In some 
individuals in an affected family blue sclerae 
may be the only manifestation of the disease. 
In general, however, fractures occur early in 
affected individuals from ordinary normal 
activity such as diaper changing, the child 
rolling over, pulling up, or on walking. Occa- 


sionally, the disease may not be apparent un- 


til early adolescence or early adult life. Mani- 
festations in later life are not uncommon in 
conditions resulting from disturbances in in- 
herited developmental pattern. On the other 
hand, some affected individuals suffering 
multiple fractures in early life improve after 
puberty. The basic skeletal defect is a failure 
to produce bone matrix, resulting in defec- 
tive formation and differentiation of sub- 
periosteal and endosteal bone. Calcification 
of the bone matrix appears to proceed nor- 
mally. In some instances the osteoblasts ap- 
pear to be normal in number but fail to func- 
tion; in others they seem to be reduced in 
number or absent; in one recorded case the 
osteoblasts were excessive in number but ab- 
normal. 

Growth and differentiation of the epiphy- 
seal cartilage are not interrupted. Owing to 
delicate, defective cortex and spongiosa, the 
shafts of the bones are weak and fracture 
easily. Following fractures, the formation and 
resorption of the callus are within normal 
limits as a rule; however, the callus may be 


large’® and may contain much fibromucoid 


material as well as imperfect osteoid tissue 
and, after repeated fractures, may contrib- 
ute to deformity. In severe cases, healing is 
often delayed, and multiple angulation and 
bowing of the extremities are not uncommon 


sequelae. 
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Fig. 6. Chart of genealogy of P family. Odontogenesis imperfecta. 


ao 











. bogbdddaddboSho 


si. nT neleke _ 


Fig. 7. Chart of genealogy of S family. Odontogenesis imperfecta; hereditary opalescent 
dentin. 
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Fig. 8. Male child of H family, first seen at 12 


years of age. Osteogenesis imperfecta and odonto- 


genesis imperfec ta 


Roentgenographic appearance of the bones 
is characteristic, consisting of diminution in 
the size of the diaphysis, marked dimness of 
the cortex and the presence of peculiar cross 
striations. Hypoplasia, thinning of the cortex, 
and scanty spongiosa are evident on x-ray 
examination; the shafts of the bones are nar- 
row with flaring ends. Irregular mineraliza- 
tion of the calvarium with mosaic rarefaction 
is usually of diagnostic aid, as are the changes 
in the dimensional proportions of the skull, 
with the characteristic “occipital over-hang” 
and frontal bossing. The skin is thin and 
transparent, and healing following minor 
trauma may be delayed with disproportionate 
scar formation. A detailed study of the histo- 
pathogenesis was published in 1930 by 
Weber"; one of the extensive summary re- 
views by McKusick* on Heritable Disorders 


of Connective Tissue deals with osteogenesis 


imperfecta and constitutes a comprehensive 
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study with much useful information in con- 
cise form. 

No known laboratory findings are consid- 
ered typical of this condition. Blood calcium 
and phosphorus levels are somewhat variable 
with loss occurring readily in the urine, but 
in general these levels are within normal 
limits. The alkaline phosphatase level’* may 
be elevated from 2 to 3 times the normal 
values up to 5 times normal values depend- 
ing upon age. From 3 to 9 years, the range 
is 18 to 24 Bodansky units per 100 c.c.; 11 
to 16 years, 10 to 18 Bodansky units. In 3 
cases of the present series the alkaline phos- 
phatase was consistently about 3 times the 
level considered within normal range; in 25 
per cent of the cases there were consistently 
high values; in 75 per cent the values were 
within normal limits for the age period. Usu- 
ally there is a strongly positive Sulkowitch 
reaction, indicating loss of calcium in the 
urine. Some investigators have reported an 
increase in blood iodine and an increase in 
the urinary excretion of iodine. This manifes- 
tation was not observed in the present series. 
Mineral metabolism’ **:** in patients with 
osteogenesis imperfecta has been studied in 
some recorded cases, the most striking finding 
being the poor retention of sodium. 

When deafness is a manifestation of this 
disease* it is thought to result from involve- 
ment of the otic capsule in which sclerosis 
produces a bony ankylosis of the stapedio- 
vestibular joint, impairing the mechanism for 
transmission of sound in the ear. In some 
instances, roentgenographic examination has 
revealed sclerosis of the os petrosa. Relaxa- 
tion of the ligaments of the ossicles of the ear 
has been considered a factor contributing to 
deafness. Likewise, it has been suggested that 
the deformity of the skull which is present in 
these patients may alter the position of the 
membrana tympani. The deafness, which 
comes on insidiously and is not amenable to 
treatment, generally becomes apparent in 
early adult life when bone fragility is becom- 
ing less prominent. For this reason the asso- 
ciation between fragile bones and deafness 
may not be recognized, especially if the os- 
seous fragility has been minimal. The oto- 
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sclerotic type of deafness may be complicated 
in advanced cases by nerve deafness. In one 
family in the series under study at present, 
deafness has been the chief problem, several 
members becoming seriously handicapped in 
this respect in the adolescent years. 
Treatment of osteogenesis imperfecta has 
been uniformly unsatisfactory. Endocrine 
therapy, including parathormone and an- 
terior pituitary and thymus extracts, has not 
resulted in any consistently good response. 
Medical measures employed in an attempt 
to strengthen the skeletal structures have not 
proved effectual. Hansen** concluded that 
the administration of such agents as parathy- 
roid extract and viosterol is contraindicated 
since they may serve only to accentuate the 
disturbance already present. The accepted 
therapy at present appears to be protection 
against trauma, adequate care when frac- 
tures occur, and maintenance of good nutri- 
tional status. In some cases with ununited 
fractures and severe deformity, bone grafts 


Fig. 9. Male child of J family, first seen at 3 years 
of age. Osteogenesis imperfecta and odontogenesis 
imperfecta. 


9 
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and other surgical procedures have been of 
benefit. Where the tendency to fracture easily 
is minimal, the individual may lead a rela- 
tively active life.*:** Distinct clinical and 
roentgenographic improvement has been ob- 
served in some patients following the onset 
of puberty, especially in girls. This observa- 
tion led to the use of ovarian extracts in the 
treatment of younger girls with some fairly 
satisfactory results. In one such experience 
in the series presently reported, treatment of 
a 4-year-old girl resulted in marked reduc- 
tion in the number of fractures and improve- 
ment in general well being; the therapy had 
to be discontinued, however, owing to pre- 
cocious development. Likewise, testosterone 
has been suggested for therapy in boys suf- 
fering from osteogenesis imperfecta. Cortico- 
steroid therapy administered for short periods 
of time in a few cases has not been of benefit, 
and its use is not generally recommended. 


DENTINOGENESIS IMPERFECTA, 
ODONTOGENESIS IMPERFECTA, 
HEREDITARY OPALESCENT 
DENTIN, SHELL TEETH 


This defect is common to both the decid- 
uous and the permanent teeth and is recog- 
nized readily on gross examination. The color 
of the teeth varies from gray with a pink 
cast to bluish-brown or brown to yellow; the 
teeth have a high degree of translucency and 
their peculiar refractive property gives a 
transient color play which accounts for the 


descriptive term “opalescent” (Table IT). 


The translucency results from the defective 
dentin rather than from any abnormality in 
the enamel; the enamel organ is normal. Ex- 
tensive studies by a number of investigators 
have led to the conclusion that mesodermal 
tissue, dentin, is the site of the disturbance 
and not the enamel, which is ectodermal in 
origin. Odontoblasts are present, but do not 
function normally; the dentoenamel junction 
seems to be defective, and the enamel tends 
to separate. Superficially this severe crum- 
bling may suggest rampant caries although 
little or no actual caries occurs. The exposed 
dentin which becomes stained brown extrin- 
sically is soft and subject to rapid attrition. 
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Table II. Osteogenesis imperfecta—summary 


of clinical manifestations* 





Bones 

Fragile bones with multiple fractures—50 to 60 
per cent of those having the trait 

Curvatures, saber deformity, scoliosis 

Calvarium thin with irregular calcification re- 
sulting in bony prominences of the skull 

Osseous atrophy (a) primary from basic patho- 
genesis; (b) secondary from disease 

Small, short, thin bones 

Interference with growth by multiple microfrac- 
tures at the epiphyseal ends of the bones 


Joints 
Enlargements of the joints 
Laxity of the ligaments around the joints; hyper- 
motility of the joints; double jointedness 
Frequent sprains and dislocations 
Pes planus 
Eyes 
Blue sclerae of varying degree—90 to 100 per 
cent in some families 
Thinness of cornea with corneal astigmatism 
Hyperopia 
Distention of the eyeball 
Opacities at corneal periphery 


Ears 
Progressive otosclerosis, about 30 per cent 
Tinnitus 
Vertigo 


Muscles 
Hypotonia, weakness, flabbiness 
Fatty infiltration and phanerosis 
Atrophy (a) primary from basic pathogenesis; 
(b) secondary from disuse 


Blood vessels 
Connective tissue changes 
Atrophy of the middle coat 
Varicosities 
Prominence of the superficial veins of the head 
*From various sources; basically from Riesenman and 
Yates.” 


[The degree of clinical manifestation is ex- 
tremely variable; both severe and very mild 
forms of the defect may occur in the same 
kindred or among individuals of the same 
immediate family. Pindborg® reported de- 
layed eruption of the teeth in affected fam- 
ilies; Witkop,** on the other hand, has en- 
countered affected families in which early 
eruption of permanent teeth was a prom- 
inent characteristic. Witkop also reported 
that primary teeth, permanent first molars, 
and incisors which are very defective may be 
followed by permanent cuspids and second 
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Fig. 10. Female child of W family, 13 years of 
age. Osteogenesis imperfecta and odontogenesis 
imperfecta. 


molars which erupt in the normal 11 to 12 
year period and are much less severely dam- 
aged. Dentinogenesis imperfecta is to be dif- 
ferentiated from amelogenesis imperfecta in 
which the ameloblasts are abnormal and the 
enamel itself is defective.’ In this condition 
also the teeth are called “brown” or “dark,” 
but here the enamel shows a characteristic 
pitted appearance apparently due to hypo- 
calcification. Chaudhry, Johnson, and their 
associates*® ** have contrasted enamel dys- 
plasia and dentinogenesis imperfecta in two 


recent publications. These separate and dis- 


tinct clinical entities were investigated thor- 
oughly in several unrelated families and could 
be traced in some instances for six genera- 
tions. 

Roentgenographs of the teeth in dentino- 
genesis imperfecta and structural studies un- 
der polarized light reveal striking anomal- 
ies.** The pulp chambers and root canals 
may be obliterated completely by calcified 
material. The roots are thin, short, and 
pointed with considerable evidence of la- 
cunar resorption. The pulp is small or may 
be completely absent; abscesses without caries 
tend to occur. The periodontal membrane 
appears to be normal in most instances. 
Microscopic examination shows irregular 
dentin in which the dentinal tubules are oc- 
cluded or obliterated and have not main- 
tained their normal direction and configura- 
tion. The cementum is normal, varying only 
in thickness and regularity. Under high mag- 
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nification the cementum has a normal lamel- 
lar structure with typical lacunae. Hodge, 
Finn, and their associates** have described 
the dentin of these teeth as being of low 
microhardness and having abnormally high 
water content and low inorganic content, but 
they observed that the inorganic residue has 
normal proportions of calcium and_phos- 
phorus. 

Laboratory findings in dentinogenesis im- 
perfecta are not revealing; chemical and 
metabolic studies on patients with opalescent 
dentin show little of significance except the 
elevated plasma alkaline phosphatase level. 
As in osteogenesis imperfecta, the condition 
is extremely variable, and, in some instances, 
not very evident except for color and trans- 
lucency, with minimal loss of teeth. Others 
in the same kinship or siblings in the same 
family may have severe attrition with decid- 
uous teeth worn down to the gum line by 
the age of 5 years, and permanent teeth worn 
down appreciably soon after eruption (Figs. 
10-15). 

Composite summary of findings in odon- 
togenesis imperfecta. 

1. Enamel. Ground sections show normal 
structure. 

2. Dentin. Only the mantle dentin appears 
normal; the remaining (circumpulpar) den- 
tin shows an atypical structure characterized 
by irregular tubular arrangement; smaller 
number of tubules decreasing toward the 
pulp; irregular, occasionally larger diameter 
of tubules; branching of tubules; markedly 
accentuated stratification of the dentin ma- 
trix and poor calcification. 

3. Pulp. The pulp cavity is markedly di- 
minished in size and filled with atypical 
circumpulpar dentin. Pulps begin to disap- 
pear as early as 7 years of age and are often 
obliterated completely by the age of 14 
years. 

Treatment. Treatment’ in cases of severe 
dentinogenesis imperfecta is not very satis- 
factory except for restorative dentistry or 
prosthesis. Where the roots are strong 
enough, early protection of each of the per- 
manent teeth by metal crowns provides a 
satisfactory grinding surface and helps pre- 
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Fig. 11. Male child of P family, 5 years of age. 
Odontogenesis imperfecta; teeth worn down to the 
gum line. 


Fig. 12. Female child of S family, 9 years of age 
Odontogenesis imperfecta. 


vent attrition. Later porcelain or acrylic 


jacket crowns may be used to replace the 
metal crowns for esthetic value. This proce- 
dure has been carried out successfully in 
some members of the families in the present 
series of patients. In those instances where 
the weak roots would not permit jacket 
crowns, dentures or partial dentures have 
been the only solution. Dentures can be con- 
structed for young children with remarkable 


success, 
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Fig. 13. Male child of R family, 6 years of age 
Odontogenesis imperfecta 


os 
14. Female child of R family, 14 years of 


Odontogenesis imperfecta 


Fig. 15. Young mother (R family) with capped 
teeth. Odontogenesis imperfecta. 
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SUMMARY 


Osteogenesis imperfecta, defective bone 
development, and dentinogenesis imperfecta, 
defective tooth development, are familial 
diseases due to mesenchymal hypoplasia. 
These mesodermal disturbances appear to be 
genetically dominant but variable in the de- 
gree of expression. Either one or both de- 
fects may be present in the same kinship or 
the same immediate family; or both may 


occur in any one individual member. It is 


the general concensus that these two clinical 
entities are manifestations of the same basic 
pathologic state. The present report is 
based on a study of 18 families in which a 
total of 167 individual members showed one 
or both defects. With one possible exception, 
no consanguinity was known in these 18 
families. 


We take pleasure in acknowledging the aid 
of many persons in this study and express our 
appreciation particularly to Dr. Sumter Arnim, 
Professor of Pathology and Director of Post- 
Graduate Studies, State University of Texas, 
Dental Branch, Houston. We would also like to 
express sincere thanks to the staffs of the St. 
Louis Children’s Hospital, the Texas Children’s 
Hospital, the Arabia Temple Crippled Children’s 
Clinic and Hospital, Hermann Hospital Pediatric 
Clinic, Methodist Hospital, and the Jefferson 
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cooperation. 
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In THE past 10 years, 17 infants (1 to 19 
months) with the combination of coarcta- 
tion of the aorta and patent ductus arteriosus 
were operated upon at the St. Louis Chil- 
dren’s Hospital; 9 of them survived. All in- 
fants in this group entered the hospital in 
congestive heart failure and were treated in- 
tensively. Their response to medical therapy 
was poor, and surgical correction of the de- 
fects was carried out as a lifesaving measure. 
Che 9 survivors were brought back for study 
for the following reasons: (1) to assess the 
degree of improvement, and (2) to deter- 
mine whether the anastomotic site increased 
in size with age. 

Since the end-to-end anastomosis of the 
aorta was performed early in infancy, there 
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remained the possibility of re-establishment 
of the aortic constriction, due to failure of 
growth of the anastomotic site. In animal ex- 
periments reported by Brooks,’ Shumacker,? 
and Hurwitt,® evidence is cited which indi- 
cates an increase in diameter at the anasto- 
motic site with growth. A recent study of 5 
infants reported by Moss* has suggested that 
there is an increase in diameter of the anas- 
tomosis with growth, although this increase is 
not of the same degree as that of the normal 


aorta. 
METHODS 


Seventeen infants, who were admitted to 
the St. Louis Children’s Hospital between 
1949 and 1959, were found to have the com- 
bined lesions of coarctation of the aorta and 
a patent ductus arteriosus and were operated 
upon. All had resection of the coarcted seg- 
ment of the aorta and ligation of the patent 
ductus arteriosus. A primary end-to-end anas- 
tomosis was performed on all except 2 pa- 
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tients. One had an aortic graft and the other 
had an anastomosis of the left common ca- 
rotid and subclavian arteries which were 
then anastomosed to the aorta distal to the 
coarctation. The age at time of operation 
varied between 3 weeks and 19 months, with 
a median of 8 weeks. 

The 9 patients who survived were re-ex- 
amined 8 months to 5 years after opera- 
tion. The median duration of follow-up was 2 
years. The examinations included a history, 
physical examination, blood pressure deter- 
minations in the arms and legs by the auscul- 
tatory, flush,® and Infraton® methods. (Fig. 
1). All blood pressures were obtained with- 
out a sedative being administered, and the 
simultaneous Infraton blood pressures in the 
arms and legs were determined using a 5 cm. 
cuff around the wrist and the ankle. Roent- 
genograms for cardiac size and electrocardio- 
grams were obtained. In one patient an an- 
giogram was performed during right heart 
catheterization. 


RESULTS 


Of the 17 patients operated upon, 8 died 
during or shortly after operation. Postmortem 
examination showed that all had a patent 
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ductus arteriosus and marked cardiomegaly, 
3 had extensive fibroelastosis of the endocar- 
dium, 2 had an interventricular septal defect, 
2 had a bicuspid aortic valve, and 2 had a 
hypoplastic aortic arch (Table I). (These 
findings are consistent with previous reports 
from this hospital.” *) 

All except 2 of the remaining 9 patients 
are making satisfactory clinical progress 
(Table II). One of the 2 patients with an 
unsatisfactory course died 8 months after 
operation. This infant (L.D.L.) was oper- 
ated upon at 4 weeks of age while in cardiac 
failure, and was found to have a preductal 
coarctation and a widely patent ductus ar- 
teriosus. Following the operation there was 
definite improvement for 3 to 4 months, but 
then the infant was readmitted because of 
cardiac failure. Auscultation of the heart 
revealed a loud systolic murmur over the en- 
tire precordium, and there was marked car- 
diomegaly. The femoral pulsations were 
easily palpable and blood pressure studies 
revealed a 5 mm. Hg gradient between the 
right arm and right leg. The electrocardio- 
gram, which was essentially unchanged from 


previous tracings, showed right ventricular 


enlargement and myocardial disease. The 


Fig. 1. Postoperative blood pressure records (Infraton method) on patient R. B. A. Blood 
pressures are recorded simultaneously on the upper and lower extremities. 
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Table I. Postmortem findings in infants who died during surgical repair 
g Pp 


Bicuspid aortic | 


Patient Coarctation site valve 


Fibroelastosis 


of 


endocardium | 





Patent 
ductus 
arteriosus 


| Interven- | 
Hypoplastic | tricular 
aortic arch | septal defect 


the 





Preductal 
Preductal 
Preductal 
Preductal 
Preductal 
Preductal 
Preductal 
Preductal 


roentgenogram, which initially showed gen- 
eralized cardiomegaly, now revealed mostly 
right ventricular and atrial enlargement with 
marked pulmonary vascular engorgement. 
The infant failed to respond to supportive 
medical management and died at 9 months 
of age. Postmortem examination revealed an 
ostium primum defect with deformity of the 
mitral and tricuspid valves and fibroelastosis 
of the endocardium of the left ventricle. The 
circumference of the aorta at the site of anas- 
tomosis was 12 mm. Above the anastomosis 
the circumference was 25 mm. and below 
19 mm. 

The second patient (R. N. L.) was oper- 
ated upon at 4 months of age and a patent 
ductus arteriosus was found entering the 
aorta at the point of coarctation. Following 


operation the infant improved, but evaluation 


+ + 


Wiielleuds 


14 months later was discouraging. The child 
was growing poorly, and had reduced exer- 
cise tolerance, and there was a gradient of 
34 mm. Hg between the blood pressures of 
the arms and the legs with a definite hyper- 
tension in the arms (150 mm. Hg). Right 
heart catheterization was performed and 
demonstrated right ventricular and pulmo- 
nary artery hypertension of 57/0 mm. Hg 
and 57/17 mm. Hg, respectively, but no evi- 
dence of left to right shunt was demon- 
strated. An angiocardiogram was done with 
the catheter in the main pulmonary artery 
and demonstrated a coarctation of the aorta 
of moderate degree and no evidence of a 
shunt. 

The remaining 7 patients have had a sat- 
isfactory course following operation. Preop- 
eratively, tachypnea, tachycardia, and severe 


Table II. Follow-up blood pressures and cardiac status 





Duration 
of 
follow-up 
(yr.) 


Age at 


Patient operation 


Preoperative 


Infraton 





| Flush or auscultator) 
— : 


Rt. 


arm | Rt. leg Rt. | Rt. leg 





P. B. A. 2 
A. A. 19 
).H 2 
A.C 5 


mo l 
mo. - l 
mo 1 
mo 


J. 
J 
y 


210 


arm | 
53 


86 46 97 
150 80 
140 70 


150 50 


162 55 


50 
60 


160 
130 
140 


150 90 








Blood pressu 


Gradient 
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cardiomegaly were present in all patients, 
and all except one were in cardiac failure; 
this patient had been in failure prior to 
treatment at another hospital. A basilar sys- 
tolic murmur transmitted to the back was 
the most common auscultatory finding. Fem- 
oral pulsations were absent in 5 patients and 
weakly palpable in 2. Blood pressure studies 
in the extremities indicated an average gra- 
dient between the right arm and right leg of 
74 mm. Hg. 

At the time of re-examination, the above 
7 patients were asymptomatic and generally 
doing well. All, however, had a significant 
heart murmur and residual cardiomegaly. 
The femoral pulsations were palpable. Al- 
though the blood pressures in the upper ex- 
tremities were a trifle high (Table II) in the 
survivors, it must be remembered that the 
children were awake at the time of examina- 
tion. The important finding was that only 
2 of the children (J. M. S., T. A. C.) showed 
a significant residual gradient between the 
upper and lower extremities. There was no 
correlation between the age at time of oper- 
ation and the residual pressure gradient. Two 
other significant findings were a marked re- 
duction in the hypertension of the upper ex- 
tremities and a dramatic decrease in the pres- 
sure gradient between the upper and lower 
extremities postoperatively. 


mm, Hg) 


Flush or auscultatory 


Rt. 


Postoperative 


Infraton 


arm Rt. leg Rt. arm Rt. leg 


Comparison of the electrocardiograms be- 
fore and after operation revealed some inter- 
(Table III). Preoperative 


tracings showed right ventricular enlarge- 


esting changes 


ment in 4 patients, left ventricular enlarge- 
ment in 4 patients, and evidence of combined 
enlargement in 1. Evidence of myocardial 
disease was present in all of these electro- 
cardiograms prior to digitalization except 
that of J. A.A. Records at the time of the 
follow-up evaluation revealed 4 patients to 
have normal electrocardiograms, 3 were im- 
proved, and 2 were unchanged. 

Preoperative showed 
marked cardiomegaly in all patients (Table 
III). 


more enlarged than the right and was asso- 


roentgenograms 
xenerally, the left ventricle seemed 


ciated with left atrial enlargement and pul- 
monary vascular congestion. Patient L.D.L.., 
who was proved to have an ostium primum 
defect, had more right ventricular enlarge- 
ment than the others. Postoperatively, 3 pa- 
tients showed a marked reduction in cardiac 
size, but 2 of these still appear to have some 
left ventricular enlargement (Fig. 2). Four 
patients showed moderate reduction in heart 
size and 2 showed little if any change. One 
of the infants previously mentioned (L. D. 
L.) showed a significant increase in right 
ventricular enlargement and right atrial en- 


largement. 


Gradient Comments 





130 128 
2/60 106/72 125 112 
‘78 128 110 
142 96 

130 
136 98 

135 

115 


150 


2 Residual heart disease 

13 Residual heart disease 

18 Residual heart disease 

48 Residual heart disease (persist- 
ent coarctation ) 

Residual heart disease 

Residual heart disease 

Residual heart disease 

Died—Ostium primum defect. 
Fibroelastosis 

Residual heart disease (persist- 
ent coarctation and pulmo- 
nary artery hypertension) 
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Table III. Preoperative and postoperative results of electrocardiograms and 


roentgenograms 


Electrocardiogram 


Patient Preoperative Postoperative 


Roentgenogram 





Preoperative Postoperative 





RVE RVE 


Myocardial disease 


R. B. A. 
LVE WNL 


RVE WNL 
Myocardial disease 
LVE LVE 
Myocardial disease ( probable ) 
RVE RVE 
Myocardial disease 
LVE WNL 
Myocardial disease 
LVE WNL 
Myocardial dise 
RVE RVE 
Myocardial disez 
RVE and LVE RVE and LVE 
Myocardial disease 
Right ventricular enlargement. 
Left ventricular enlargement. 
Right atrial enlargement. 
Left atrial enlargement 
Pulmonary vascular engorgement 


Within normal limits. 


DISCUSSION 


Infants with coarctation of the aorta and 
an intra- or extracardiac shunt present chal- 
lenging, complex therapeutic problems. In 
the past 10 years, over 40 infants have died 
with this combination of defects in spite of 
intensive medical therapy. It was because of 
this depressing experience and because of 
evidence gained in animal studies® that it was 
decided to resort to surgical therapy as a 
lifesaving measure. With this approach, it 
was possible to save over half the patients 
operated upon. 

In contrast, patients with isolated coarcta- 
tion of the aorta have been comparatively 
easy to manage, both in our experience and 
in that of others. The therapy of choice is 
surgical, but elective, since there is no real 
urgency and operation is advised usually be- 
tween the ages of 5 and 12 years. In the past 


Myocardial disease 


Myocardial disease 


Moderate improvement 


(LVE, LAE) 


Marked cardiomegaly 


(LVE, LAE, PVE) 


Marked improvement 


(Minimal LVE) 


Marked cardiomegaly 
(LVE) 


Marked cardiomegaly Moderate improvement 


(LVE, RVE, LAE, PVE) 


Marked cardiomegaly Marked improvement 


(LVE, LAE, PVE) 


Moderate improvement 


(RVE) 


Marked cardiomegaly 
(LVE, LAE, PVE) 


Moderate improvement 


(LVE) 


Marked cardiomegaly 
(LVE, RVE, LAE, PVE) 


Marked cardiomegaly Marked improvement 


(LVE, LAE, RVE, PVE) 


Minimal decrease 
(Increase of RVE, 
RAE, PVE) 


Marked cardiomegaly 


(RVE, LVE, RAE, PVE) 


Marked cardiomegaly No change 


(LVE, LAE, RVE, PVE) 


10 years 88 patients between the ages of 2 
and 36 years have been operated upon with 
a mortality rate of 7 per cent. 

Opinion has been confused and divided re- 
garding the management of the infant with 
coarctation of the aorta. One reason for this 
has been the failure to divide this problem 
into 2 phases. It has been our feeling that the 
infant with isolated coarctation of the aorta 
rarely develops difficulties early in life. If 
such an infant does develop congestive heart 
failure and if one is certain that no other 
congenital cardiac malformation is present, 
intensive medical therapy may save such pa- 
tients. The infant with coarctation and a 
shunt or shunts represents an entirely differ- 
ent problem of management. In these pa- 
tients, the combination of defects usually 
produces trouble early in neonatal life and 
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Fig. 2. Preoperative and postoperative roentgenograms (posteroanterior) of patient R. B. A. 


demonstrating marked decrease in cardiomegaly. 


we feel that surgical correction is lifesaving. 
These infants with coarctation and a patent 
ductus arteriosus frequently have an intra- 
cardiac shunt and this adds to the likelihood 
of developing congestive failure early in life. 
Because the repair of intracardiac defects is 
now well established, an aggressive thera- 
peutic approach is definitely justified since at 
least half such infants may be saved to give 
them the chance of intracardiac repair later. 

One criticism against early repair has been 
the fear that growth of the anastomotic site 
would be inadequate and would necessitate 
a second operation later. This is not very im- 
portant if surgical correction is done as a 
lifesaving procedure. Also, the follow-up 
study reported here suggests that the above 
criticism is not entirely valid, because 6 of 
the 9 infants who survived had a pressure 
gradient of less than 20 mm. Hg between 
the upper and lower extremities. Since these 
patients are still young, it may be that with 
further growth this pressure gradient may 
eventually disappear or become insignificant. 


CONCLUSIONS 


1. Seventeen infants with coarctation of 
the aorta and patent ductus arteriosus were 
operated upon and 9 survived. The survivors 
were brought back for re-evaluation. 

2. Seven of the 9 survivors showed grati- 


fying improvement in the physical, roent- 
genographic, and electrocardiographic find- 
ings at the time of follow-up. 

3. Six of the 9 infants had a blood pres- 
sure gradient between the upper and lower 
extremities of 20 mm. Hg or less and all 
showed a significant reduction in their hyper- 
tension. This suggests that there had been an 
increase in the size of the anastomotic site 
with growth. 

4. This experience has re-emphasized the 
importance of early operation in infancy for 
correction of coarctation of the aorta and 
patent ductus arteriosus as a lifesaving meas- 


ure, 


REFERENCES 


Brooks, J. W.: Aortic Resection and Anastomo- 
sis in Pups Studied After Reaching Adulthood, 
Ann. Surg. 132: 1035, 1950. 

Shumacker, H. B., Freeman, L. W., Hutchings, 
L. M., and Radigan, L.: Studies in Vascular 
Repair, Angiology 2: 263, 1951. 

Hurwitt, E. S., and Brahms, S. A.: Observa- 
tions on the Growth of Aortic Anastomoses in 
Puppies, Ann. Surg. 133: 200, 1951. 

Moss, A. J., Adams, F. H., O’Loughlin, B. J., 
and Dixon, W. J.: The Growth of the Normal 
Aorta and of the Anastomotic Site in Infants 
Following Surgical Resection of Coarctation of 
the Aorta, Circulation 19: 338, 1959. 
Goldring, D., and Wohltmann, H. J.: Flush 
Method for Blood Pressure Determinations in 
Newborn Infants, J. Pept. 40: 285, 1952. 
Endres, R. K., Goldring, D., and Behrer, M. 





Behrer, Peterson, and Goldring 
g 


R.: Blood Pressure Studies in Infants and Chil- 
dren With an Electric Microphone, J. Pepiar. 
52: 1, 1958. 

Calodney, M. M., and Carson, M. J.: Coarcta- 
tion of the Aorta in Early Infancy, J. Pepwar. 
37: 46, 1950 

Goldring, D., Behrer, M. R., Thomas, W. A.. 
McCoy, E., and O’Neal, R. M.: Clinical and 


February 1960 


Pathological Observations in Infants With 
Coarctation of the Aorta and Patent Ductus 
Arteriosus, J. Pepiat. 51: 18, 1957. 

Goldring, D., Padilla, H., Ferguson, T. B., 
Behrer, M. R., Hartmann, A. F., Jr., Zwirn, 
B., and Kraus, F. T.: Coarctation of the Aorta 
and Patent Ductus Arteriosus. Part I. Studies 
in Dogs, J. Pepiat. 56: 11, 1960. 





Volume 56 Number 2 


The Journal of PEDIATRICS 253 





Streptomycin in therapy 


of Hemophilus influenzae meningitis 


Edward B. Shaw, M.D.,* and Henry B. Bruyn, M.D. 


SAN FRANCISCO, CALIF. 


THE TREATMENT of Hemophilus influ- 
enzae meningitis prior to 1940 was almost 
completely unsatisfactory. Slight improve- 
ment resulted from the introduction of horse 
and rabbit immune serum, some reduction 
in mortality followed the introduction of 
sulfonamides, and the use of sulfadiazine 
and streptomycin in combination caused 
the mortality rate to decline to about 5 per 
cent where it now stands. This combined 
therapy was used in a series of 90 cases 
with 87 recoveries and 3 deaths reported by 
Appelbaum and Nelson.’ These results ri- 
val those of any series reported to date. 
Combined treatment with sulfonamides 
and streptomycin was the method of choice 
until the proposal that chloramphenicol be 
substituted for streptomycin. Prather and 
Smith? reported a recovery rate of 100 per 
cent in 15 patients treated with chloram- 
phenicol. Ross and co-workers* reported 
the treatment of 15 children with sulfa- 
diazine and intramuscular chloramphenicol; 
there were 2 deaths. Numerous other re- 
ports indicate satisfactory response to this 
From the Department of Pediatrics, University 
of California School of Medicine, the San 
Francisco General Hospital, and the Children’s 
Hospital, San Francisco. 


*Address, University of California Medical Center, San 
Francisco 22, Calif. 


form of combined therapy, and in recent 
years sulfadiazine or Gantrisin, together 
with chloramphenicol (usually given paren- 
terally) has come to be the accepted treat- 
ment for this infection. 


RESULTS AT CHILDREN’S 
HOSPITAL 


At Children’s Hospital, San Francisco, 
the routine therapy in H. influenzae menin- 
gitis has, for many years, consisted of 
sulfadiazine in combination with strepto- 
mycin, and no alteration in therapy has been 
considered because results were so unfail- 
ingly good. Sulfadiazine is administered in 
a dose of 0.15 to 0.2 Gm. per kilogram per 
day for 7 to 14 days. Streptomycin has 
been given intramuscularly in dosage of 50 
mg. per kilogram per day for a total of 5 
days. At the end of this time bactericidal 
action should have been effective and bac- 
terial resistance may have developed. 

With the recent recommendation that 
chloramphenicol be substituted this drug 
has been added from the onset in treatment 
of severe forms of the disease or has been 
given for an additional 5 to 7 days after 
the streptomycin was discontinued. There 
is no reason why in such a severe disease 
this agent should not also be given. 
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Tetracyclines, as recommended by Koch 
and Carson,* have not been used for sev- 
eral reasons: 

1. These agents are only bacteriostatic 
and are not persuasively effective. 

2. In cases reported by Carson and Koch* 
streptomycin was usually given for 3 to 5 
days in addition to oxytetracycline (the for- 
mer perhaps being the effective agent). 

3. Continued use of tetracycline in this 
situation predisposes to intercurrent micro- 
bial infections as reported by Koch and 
Carson.* 

Most of the patients admitted to Chil- 
dren’s Hospital were under the care of pri- 


vate physicians and were from families of 


somewhat better than average socioeco- 
nomic status. The majority of these patients 
were admitted early in the course of the 
disease so that the results of treatment 
should have been better than those re- 
ported in public hospitals which are apt to 
have a higher proportion of patients who 
are poor risks and who have more advanced 
cases of the disease. It has been universally 
noted that prolonged infection before the 
institution of adequate therapy leads to 
higher mortality rates and to a higher in- 
cidence of complications. The physicians 
whose patients were admitted to Children’s 
Hospital have cooperated in following the 
uniform plan of treatment described above. 
This series includes all patients with bacterio- 
logic confirmation admitted from January, 
1949, to mid-1959, except for 2 who were 
treated with an entirely different routine and 
2 others who were only briefly in this hos- 
pital in the course of prolonged treatment. 

In addition to the above therapy the fol- 
lowing routines have also been observed. 

1. Initial spinal puncture consisted of 
withdrawal of only sufficient amounts of 
fluid for diagnostic studies: smear, culture, 
direct Quellung test, and quantitative re- 
ducing substance. 

2. Repeated examinations of spinal fluid 
were made only if the response to therapy 
was disappointing. In many instances a 
second spinal fluid examination was never 
performed. 
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Table I 





Age 
Less than 6 months 
6 to 24 months 
2 to 6 years 
6 to 15 years 
Total 
Sex 
Males 53 (60 %) 
Females 35 (40 %) 


Deaths 5 ( 5.7%) 


3. Evidence of subdural effusion was care- 
fully anticipated, but subdural puncture 
was done only if response to therapy was 
unsatisfactory or if there was evidence of 
increased intracranial pressure, prolonged 
course, convulsions, and the like. Routine 
subdural taps were avoided in the absence 
of suggestive symptoms or signs. This policy 
seems to be in accord with prevailing opin- 
ion. 

4. Supportive therapy and _ parenteral 
fluid administration were used as indicated. 
Hydrocortisone was occasionally adminis- 
tered but without observable dramatic ef- 
fect. 

Eighty-eight patients with bacteriolog- 
ically confirmed diagnosis of H. influenzae 
meningitis were admitted to Children’s Hos- 
pital during this period of 10% years as 
shown in Table I. Of these, 79 were dis- 
missed as completely recovered at the end 
of about 2 weeks of treatment. Subsequent 
follow-up has been impossible except in 
those few in whom unfavorable results are 
related hereafter. 

Many of those who eventually recovered 
completely were severely ill on admission. 
A “corrected” mortality rate would provide 
a more impressive recovery rate. The fatal 
cases described below were all treated in ac- 
cord with the routine previously detailed. 
During a brief period a very few received 
dihydrostreptomycin or a combination of 
streptomycin and dihydrostreptomycin. 


FATAL CASES 


L. L. was a 3-month-old boy who had 
had a respiratory infection for 2 weeks, diar- 
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rhea for 1 week, and convulsions for 3 days 
before entry. He showed transient improve- 
ment after the institution of therapy, which 
included adequate hydration, the use of 
cortisone, and other emergency measures, 
but he died 48 hours after admission. 

L. S., a 3-month-old boy, was admitted 
moribund after a severe illness of 4 days’ 
duration. He died less than 2 hours after 
admission. 

G. N., an 8-month-old boy, was admitted 
after a fulminant illness of 24 hours’ dura- 
tion and died 16 hours thereafter in spite 
of the usual supportive measures in addi- 
tion to specific therapy. 

M. C., a 16-month-old boy, had fulmi- 
nant illness of 24 hours’ duration, showed 
transient improvement, but died 33 hours 
after entry. 

D. J., a 6-year-old boy, was moribund on 
admission after an illness of 36 hours, 
showed momentary improvement after hy- 
dration, supportive measures, and specific 
therapy, but died 5 hours later. 


COMPLICATIONS 


Subdural effusion. All patients were ob- 
served for evidence of subdural effusion but 
in only 5 was this complication seriously 
considered and in only 1 was it confirmed. 

L. G., a 5-year-old boy, was ill for 24 
hours before admission. Initially he seemed 
to respond to therapy. Extensive facial 
herpes simplex appeared on the third day 
of hospitalization. On the sixth day he had 
a generalized convulsion. On the seventh 
day bilateral burr holes failed to reveal the 
presence of subdural fluid. Recovery was 
complete on the twentieth day after admis- 
sion when he was dismissed. 

R. J., a 6%-month-old boy, was ad- 
mitted with very severe meningitis of 
about 10 days’ duration. Response to ther- 
apy was poor. On the eighth day of 
treatment subdural taps produced only a 
few drops of xanthochromic fluid. There- 
after he showed steady recovery from 
acute bacterial disease but was dismissed 
with severe sequelae. Five years later he 
continues to be hopelessly mentally retarded. 
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Hearing and vision are also impaired. 

C. J., an 18-month-old boy, was admit- 
ted after + days of high fever and menin- 
gitic signs. Fever continued under therapy 
for 7% days, at which time subdural effu- 
sion was suspected, but at this point rapid 
recovery ensued and subdural taps were 
not performed. 

J. B., a 10-month-old boy, was admitted 
after an illness of 2 weeks. There was defi- 
nite evidence of meningitis. He made good 
response to therapy, but on the fourth day 
of hospitalization there was weakness of 
the right upper extremity. Subdural taps 
were performed twice; only a few drops of 
bloody fluid were obtained on each occasion. 
Neurosurgical consultation advised no fur- 
ther interference and he went on to appar- 
ent complete recovery. At the present time, 
8 years later, his physician reports that 
he is perfectly normal in all respects. 

D. R., a 13-month-old girl, was admitted 
after a nondescript illness of 10 days’ dura- 
tion. She had had a previous operation for 
tracheoesophageal fistula and had numer- 
ous congenital anomalies, including bilateral 
colobomata and congenital heart disease, 
probably coarctation of the aorta. She had 
received chloramphenicol in fairly generous 
dosage for 4 days prior to admission; during 
this time she had definite pneumonitis. The 
cause was not promptly established so that 
on the day of admission she received peni- 
cillin to which sulfadiazine had been added. 
Forty-eight hours after admission strepto- 
mycin was added. She continued febrile and 
showed unsatisfactory response for one week 
during which time a subdural tap revealed 
16 c.c. of xanthochromic fluid from one 
side, but repeated bilateral taps did not 
produce additional fluid. Her recovery, 
within the limit of her previous disability, 
seemed to be satisfactory. 

Hearing loss. Hearing impairment was ob- 
served in 2 patients, R. R., a boy of 6 years, 
and T. A., a girl of 14 months, but in both 
it may have been due to an accompanying 
otitis media. Hearing loss was not complete 
and was probably not permanent although 
the present status of these patients cannot 
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be ascertained. Hearing loss is sometimes 
caused by any form of meningitis, including 
even benign forms such as those due to 
mumps, and is certainly not inevitably due 
to streptomycin. 

Late sequelae. In 2 patients severe se- 
quelae resulted from meningitis. 

R. J., a 6%-month-old boy, has been 
described previously and has severe motor, 
sensory, and intellectual damage at the 
present time. 

K. H., a 3%-vear-old boy, had had con- 
vulsive seizures with previous febrile infec- 
tions. He was admitted after a 24-hour ill- 
ness with severe influenzal meningitis. Initial 
improvement was satisfactory only to be 
followed by 24 hours of severe convulsive 
seizures which were succeeded by unre- 
sponsiveness, complete loss of vision, and 
a profound encephalitic picture. He was 
seen by numerous neurological, neurosur- 
gical, ophthalmologic, and pediatric con- 
sultants. No conclusion other than that he 
had a severe encephalitic component of the 
disease was drawn. On the basis of all avail- 
able opinions subdural exploration by way 
of burr holes was carefully considered, only 
to be rejected. His condition improved 
slowly but considerably from this severe and 
unusual state, with gradual return of near- 
normal vision. Two years later he was re- 
ported to be doing satisfactorily in school 
and psychometric studies were normal. 
There was every reason to believe, however, 
that he had residual diminution in over-all 
mental acuity. 

Herpes simplex eruptions. During carly 
convalescence 5 patients in this series de- 


veloped extensive herpes simplex eruptions 


associated with a prolongation of the febrile 
illness. The striking nature of this eruption 
was established only clinically, except in the 
final case in which there was a marked rise 
in serologic titer against herpes simplex 
virus. This association was so significant 
that it was considered as a potential cause 
of prolonged symptoms, especially in such 
a case as that of K. H. who was mentioned 
above. We plan to explore this possibility 


in future observations. 
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Table II 





Age 
Less than 6 months 
6 to 24 months 
2 to 6 years 
6 to 15 years 


Total 


Sex 
Males 
Females 


Deaths 


RESULTS AT SAN FRANCISCO 
GENERAL HOSPITAL 


At the San Francisco General Hospital a 
comparable group of 44 consecutive patients 
has been treated by identical methods. It 
was anticipated that in a county hospital 
less favorable results might reflect more pro- 
longed courses of infection prior to therapy 
and that the mortality and complication 
rates, especially that of subdural effusion, 
would be increased. Table II summarizes 
this experience, which is reported here in 
less detail than in the foregoing series. 

Deaths. Three infants died: (1) a 
6-month-old child who was admitted on 
the fourth day of illness, and who died after 
29 days of treatment, postmortem examina- 
tion revealing subdural pus; (2) a 6-month- 
old infant who was ill for 3 days prior to ad- 
mission and who died 36 hours later; and 
(3) an 18-month-old child who had had a 
fulminant illness for 48 hours and who died 
after less than 24 hours’ treatment. 

Sequelae. Three children suffered from 
some form of sequelae. One revealed sub- 
dural fluid on the twelfth day of treatment, 
one at the age of 3 months demonstrated 
signs of mental retardation, and one at the 
age of 18 months suffered from agran- 
ulocytosis due to chloramphenicol. 

This additional series in a county hospi- 
tal shows the end results of therapy to be 
only slightly less favorable than in the group 
in a private hospital. Proportionately, the 
mortality rate was slightly higher, and a 
subdural effusion was discovered before 
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death in one and after death in another of 
the 44 patients. 

In 88 patients from the Children’s Hos- 
pital, there were 5 deaths (5.7 per cent), 
uncorrected for duration of treatment, and 
in 44 patients at the San Francisco Gen- 
eral Hospital there were 3 deaths (6.8 per 
cent). 

Subdural effusion was discovered in only 
1 of 88 patients at Children’s Hospital and 
in 2 of 44 at the San Francisco General 
Hospital, as shown in Table III. 


Table III. Combined results 
No. 


of Subdural 
cases Deaths effusion 





Children’s Hos- 
pital 88 
San Francisco 
General Hos- 
pital 44 3 2 
Total 132 8 (6.06%) 3 (2.3% 


DISCUSSION 


The combination of sulfadiazine and 
streptomycin in the therapy of Hemophilus 
influenzae meningitis has seemed to be such 
a satisfactory regimen that we have been 
reluctant to discard it. This opinion seems 
to be shared by some other clinicians.® 

Many observers insist that streptomycin 
should be reserved for tuberculous menin- 
gitis. To be sure, response to the therapy 
of meningitis of unknown etiology (a com- 
mon dilemma)* may commit the clinician 
to prolonged therapy if streptomycin is the 
drug employed and tuberculosis is suspected. 
Conversely, if there is immediate response 
to streptomycin, therapy may be abruptly 
withdrawn when actual tuberculous origin 
is undetermined. Confusion between septic 
and tuberculous meningitis is not, however, 
common. 

There seems to be no hesitancy in using 
streptomycin for many purposes, including 
prophylaxis against infection after opera- 
tion and in the newborn infant. Streptomy- 
cin occasionally provokes toxic effects upon 
the eighth nerve, but in the past this was 


noted especially when the drug was given 
intrathecally, which is now considered to be 
unnecessary and undesirable. It is recog- 
nized that nephrotoxic effects are encoun- 
tered when streptomycin is given intra- 
venously, and eighth nerve damage may be 
more common with intrathecal administra- 
tion. Dihydrostreptomycin has been es- 
pecially implicated in hearing defects but 
this drug has now been generally aban- 
doned. 

The most persuasive advantage of strep- 
tomycin is that it is bactericidal* in con- 
trast to the bacteriostatic effect of chlor- 
amphenicol and the tetracyclines. Although 
H. influenzae may develop resistance to 
streptomycin in the course of 4 to 6 days, 
it is this early period of treatment in which 
rapid bactericidal effect is most often 
sought. Continued therapy beyond this time 
becomes less important. 

Chloramphenicol is unquestionably active 
against H. influenzae but in unusual dosage 
exerts only a bacteriostatic effect. When 
first introduced, this drug seemed to be 
the ideal antibiotic in its breadth of ac- 
tivity, its unfailing effectiveness, and its free- 
dom from side effects. Perhaps because of 


the praiseworthy scrutiny to which this agent 


has been subsequently subjected by the manu- 
facturer, numerous additional side effects 
have been described, especially for use in in- 
fants. This makes it suitable for only those 
cases in which it is the most effective and 
essential antibiotic. 

It may be purely coincidental that, dur- 
ing the time when chloramphenicol has 
been employed routinely for therapy in this 
disease, subdural effusions have been en- 
countered with increasing frequency. It is 
possible that the substitution of a slower- 
acting bacteriostatic agent may permit com- 
plications to appear which might have been 
averted by the use of a more potent and 
quicker-acting bactericidal drug, however. 

*The antagonism between an antibacterial drug, such 
as streptomycin, and a bacteriostatic agent, such as a sul- 
fonamide, has been demonstrated. This phenomenon re- 
quires very critical time-dose relationships for its demon- 


stration. These are extremely unlikely to occur in clinical 


therapy." 
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It should be noted that subdural effusion 
has been encountered particularly in asso- 
ciation with meningitis due to H. influenzae, 
to a lesser extent in pneumococcus menin- 
gitis,*® and, most rarely, in association 
with meningococcus infection in which very 
prompt response to therapy is the rule. This 
strongly suggests that this complication is 
best obviated by therapy which will arrest 
the course of disease the quickest. 

One unfortunate result of the recommeda- 
tion for routine use of chloramphenicol is 
that it has often been applied only orally, 
with the result that the medication has been 
rejected, vomited, poorly absorbed, or not 
faithfully given to the very ill child. Best 
results are obtained by the use of a gener- 
ous dose of an antibacterial agent at the 
very outset of therapy. Such a drug is most 
effective when it is administered paren- 
terally. 

Deaths from this disease are more com- 
mon in the very young, in those in whom 
the course is prolonged before the institu- 
tion of effective therapy (especially in 
those in whom small amounts of bacteri- 
ostatic drugs have been uncritically admin- 
istered), and in occasional fulminant forms 
of the disease. 

The results in 132 cases* ® revealed sus- 
picious evidence of subdural effusion in only 
7 patients during the course of illness or 
during convalescence; in only 3 was this 
confirmed. This may be due simply to good 
fortune, but a number of things may be 
responsible for a lower incidence of this 
complication than in those currently re- 
ported, including (1) the use of a bacteri- 
cidal drug, streptomycin, in preference to 


suppressive, bacteriostatic drugs such as 


chloramphenicol and the tetracyclines; (2) 
the early institution of therapy; and (3) the 
avoidance of withdrawal of large amounts 
of spinal fluid and of repeated spinal punc- 
ture which might provoke trauma to the 
vessels which traverse the subdural space. 
Williams and Stevens’® quote the incidence 
of subdural effusions following meningitis 
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at 30 to 60 per cent. They speculate that 
the withdrawal of large amounts of spinal 
fluid may be responsible for this complica- 
tion. Subdural puncture is a less innocuous 
procedure than spinal puncture, and, when 
performed repeatedly, incautiously, or in- 
expertly, may provoke the very thing which 
it is designed to disclose—trauma or hem- 
orrhage may incite collections of subdural 
fluid.*? 

Results in this series support the ad- 
vantage of the bactericidal effect of strepto- 
mycin in the treatment of H. influenzae 
meningitis. 


Grateful acknowledgment is made to Lynn 
Leffler, M.D., and to all other house staff mem- 
bers for their help in reviewing charts for this 
study. 
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Some diagnostic difficulties 


Wilfrid Gaisford, M.D., M.Sc., F.R.C.P.* 


MANCHESTER, ENGLAND 


There is no new thing under the sun. 
Ecclesiastes 1: 9. 


WITH THE PASSING of the years one 
can consider in clearer perspective the clini- 
cal experiences and problems which _be- 
mused one at the time of their occurrence. 
Difficulties may arise from the unusualness 
of the signs or symptoms—particularly the 
former—or from misinterpreting these signs; 
it may be radiological or biochemical find- 
ings which prove misleading; or some vital 
clue in the history is overlooked, omitted, or 
given insufficient or undue prominence. 

The children discussed in this paper all 
provided diagnostic entertainment of one 
sort or the other and no doubt support the 
dictum quoted from Ecclesiastes above, as 
readers will readily appreciate. First, there is 
a group of 8 which may be considered in 4 
pairs, each pair presenting some similar fea- 
ture, either clinical or radiological. Then fol- 
low 3 individual cases. 


PERSISTENT HYPERTENSION 


Marion, aged 8 years, had von Reckling- 
hausen’s disease in the form of scattered 
fibromas and numerous café-au-lait spots. 


Honorary Physician, Royal Manchester 
Children’s Hospital, England. 


*Address, Department of Child Health, 
University of Manchester, Manchester, England. 


She had had a large hemangioma removed 
from the right breast when she was 3 years 
old and an attack of rheumatic fever at the 
age of 5% years. The reason for her admis- 
sion to the hospital was excessive emotional 
lability and night sweats. On examination 
she was rather small for her age, had some 
degree of exophthalmos and fullness of the 
thyroid gland. The pulse rate was around 
100. The heart was normal except for a 
Grade I systolic bruit at the apex and ac- 
centuation of the second sound at the aortic 
base. The most striking finding was a blood 
pressure of 250/140. Renal function tests 
were normal. The femoral pulses were pal- 
pable and the blood pressure in the legs was 
190/155. Because of the history of sweating, 
the hyperpiesis, normal renal function, and 
palpable femoral pulsation, a diagnosis of 
pheochromocytoma was considered likely, 
but all efforts to confirm this failed. Both the 
adrenal glands were explored in turn and 
appeared normal. At the time of the second 
operation a renal biopsy was taken; this 
showed that there was some lymphocytic in- 
filtration under the capsule and small collec- 
tions of lymphocytes in the parenchyma. The 
glomeruli were rather cellular and showed 
some thickening of the basement membrane, 
especially in Bowman’s capsule. Occasional 
glomeruli were more severely damaged, with 
evidence of atrophy, possibly the result of 
ischemia. In view of the persistence of the 
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Fig. 1. Aortogram showing coarctation in dorso- 
lumbar region. 


hypertension it was decided as a last resort 
to have an aortogram performed, and this 
showed a coarctation of the aorta over a 
considerable distance, including the level of 
the origin of the renal arteries (Fig. 1 

Careful examination after the aortogram 
had been seen revealed that there was a loud 
systolic murmur audible over the aorta 
through the anterior abdominal wall just 
above the umbilicus. 

In view of the site of the coarctation and 
the small size of the renal arteries operative 
cure was not attempted. Her present con- 
dition is good; she is able to go to school 
and takes normal exercise. The blood pres- 
sure remains at 190/100 mm. Hg, there are 
no fundal changes, and the urine shows no 
abnormality. She has had this hypertension 
for at least 5 years, yet still remains symp- 
tom free. 

The clinical lessons to be learned from this 
case are that coarctation is commoner than 
pheochromocytoma and that palpable fem- 
oral pulses do not exclude coarctation. Al- 
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though pheochromocytoma is associated with 
von Recklinghausen’s disease in a number of 
cases, approximately 5 per cent, coarctation 
is still a more frequent cause of hyperten- 
sion. On reading the case notes (rather 
voluminous by this time) I find that the 
house physician (intern) in his first exami- 
nation in the admission room had recorded 
that he heard a systolic murmur just above 
the umbilicus. If more attention had been 
paid to this, which seems to have passed un- 
noticed, the diagnosis might have been 
reached considerably earlier. Olney and 
Stephens' published in 1950 an account of 
14 children with coarctation and one of the 
children, aged 14 years, had an aortogram 
similar to Marion’s, showing a constriction 
from the eleventh dorsal to the first lumbar 
vertebra; their patient also had other con- 
genital anomalies. 

Alan, aged 12 years, was admitted because 
of morning headache and blurred vision in 
the left eye for 2 months. He had been 
pushed head first into a wooden beam, and 
the headaches, chiefly left sided (he had hit 
his head over the left zygoma) , followed this 
incident. There were no other symptoms. 

Examination was negative except for bi- 
lateral papilledema of mild degree. The sys- 
tolic blood pressure was 140 mm. Hg. He 
was referred to the neurosurgeon, who by 
coincidence had known Alan’s father and, 
indeed, had operated on him for Lindau’s 
disease. The father’s cerebellar hemangioma 
had been removed and later a similar tumor 
was successfully removed from the cauda 
equina. In view of this, and because of the 
familial nature of the disease, a cerebellar 
tumor was suspected and a preliminary ven- 
triculography was performed. The ventricu- 
lar pattern was normal but the pressure was 
unusually high and during the operation it 
was noted by the anesthetist that the blood 
pressure had risen to 220/150. The cerebro- 
spinal fluid was slightly green in color and 
contained 250 mg. protein per 100 ml. 
After the ventriculography Alan’s condition 
deteriorated rapidly and he became semi- 
comatose. Recovery was slow and he de- 
veloped left hemianopsia and loss of position 
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sense and of tactile discrimination on the left 
side. There were also marked changes in 
the eyes, with hemorrhages, exudate, and 
macular degeneration, and he became nearly 
blind. Examination of the urine (when he 
had recovered sufficiently to cooperate) 
showed that it contained adrenaline, 200 
mg., noradrenaline, 1,100 mg., and 3-hy- 
droxytyramine, 1,300 mg., in a 24 hour speci- 
men. At this time the biochemist, Miss V. K. 
Wilson, reported that the cerebrospinal fluid 
fluoresced under ultraviolet light, so high was 
the content of catecholamines. Alan was 
given Regitine and the blood pressure fell to 
150/120 but rose thereafter (despite 3 hourly 
doses of 5 mg.) to 180/140. 

A week later he was operated on and a 
large right adrenal pheochromocytoma was 
found and removed. After a month there 
was phenomenal improvement. His eyes had 
returned practically to normal, the urine was 
negative for catecholamines, and the blood 
pressure was 160/90. 

The pitfalls in diagnosing this case were 
the incidental history of head trauma, the 
paternal history of Lindau’s disease, and 
Alan’s relatively normal blood pressure at 
the onset. The discovery that fluorescence of 
the cerebrospinal fluid may occur in patients 
with pheochromocytoma has, as far as I am 
aware, not been recorded before. Glushien 
and associates? reported 3 cases of pheo- 
chromocytoma and cited 18 others from the 
literature, all associated with von Reckling- 
hausen’s disease or Lindau’s disease, and 
estimated that in at least 10 per cent of all 
cases of pheochromocytoma there were asso- 
ciated neurocutaneous syndromes. Other con- 
genital anomalies, sometimes multiple, were 
found not infrequently and they suggest that 
the presence of stigmas in any patient with 
hypertension should arouse suspicion of 
pheochromocytoma. As mentioned previ- 
ously, however, Olney and Stephens’ patient 
with coarctation also had multiple congenital 
anomalies; coarctation should not be dis- 
missed from consideration in a child with 
hypertension, therefore, because of associated 
anomalies; it remains a commoner cause 
than pheochromocytoma. 
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HEPATOMEGALY AND 
EMBRYOCARDIA 


Deborah, aged 4% years, was admitted to 
her local hospital suffering from left lower 
lobe pneumonia. It was noticed that the ab- 
domen was distended and that the liver was 
enlarged to the umbilicus and there was 
some sacral edema. She was treated with 
penicillin and chloramphenicol and the signs 
at the left base cleared. Three weeks later 
she developed a right pleural effusion. Clear 
green fluid was aspirated which contained 
scanty lymphocytes, no organisms, and was 
sterile on culture. The Mantoux reaction 
was negative to 1 T.U. and 10 T.U. The 
pleural cavity rapidly refilled and was aspi- 
rated on five further occasions. The liver re- 
mained enlarged. She was transferred to us 
6 weeks after the onset of the initial pneu- 
monia. 

On examination she was orthopneic and 
dyspneic with slight cyanosis. There was 
marked abdominal distention and the liver 
extended to just below the umbilicus. Signs 
of right pleural effusion were present. The 
outstanding clinical finding, however, was 
the tic-tac rhythm of the heart. The blood 
pressure was 88/70. After aspiration of the 
pleural cavity fluoroscopy was carried out 
and it showed that there was practically no 
cardiac pulsation visible. 

The character of the heart sounds, the 
hepatomegaly, the blood pressure, and fluoro- 
scopic findings all suggested a diagnosis of 
constrictive pericarditis. 

Four days after admission thoracotomy 
was performed. The marked restriction of 
cardiac pulsation was noticed immediately. 
The pericardium was 34 inch thick, was 
separated with some difficulty, and showed a 
shaggy inner surface. Some tubercles were 
seen on the surface. The pericardium was 
freed over the right side of the heart; there 
was no obvious constriction of the venae 
cavae. Cardiac pulsation was appreciably 
freer at the end of the operation. Postopera- 
tive progress was fair but slow. The Man- 
toux reaction, retested with 100 T.U., was 
strongly positive (30 mm. induration) and 
biopsy of the pericardium confirmed the 
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tuberculosis. Treatment with streptomycin 
and isoniazid was begun. She required four 
further thoracenteses and developed some 
ascites. Six weeks after the operation she was 
again taken to the operating room because 
the heart sounds and blood pressure had not 
improved further. More of the remaining 
pericardium was removed and cardiac action 
much improved thereafter. A week later the 
heart sounds were no longer tic-tac and she 
was discharged home after 6 weeks. 

She attended the outpatient department 
at intervals, remaining well for 5 months, 


but then increasing ascites necessitated read- 
mission for paracentesis. This had to be re- 
peated many times and she gradually became 


anasarcous. One year after the first operation 
she showed signs of vena caval constriction 
and a third pericardial excision was under- 
taken but she collapsed and died at the con- 
clusion of the operation. The autopsy showed 
fibrosis of the myocardium, bilateral collapse 
of the lungs, and a nutmeg liver. 

The interesting points in this case were 
that although the clinical picture clearly in- 
dicated constrictive pericarditis and_ that 
tuberculosis was the most likely cause, there 
was no family history of, or any known con- 
tact with, tuberculosis and the Mantoux re- 
action was negative with the usual test 
strengths of 1 and 10 T.U. However, she 
reacted strongly to 100 T.U., which stresses 
the need for carrying the test through to this 
concentration before concluding that a nega- 
tive result excludes tuberculosis—particularly 
in an ill child. 

Second, after culture of the biopsied peri- 
cardium, the organism was grown and the 
guinea pig inoculation was positive. This 
proof led the parents to a reconsideration of 
possible contacts and it transpired that a 
foreign maid had been with the family and 
had looked after Deborah and she proved to 
be the unsuspected source of infection. The 
moral of this is that all persons looking after 
infants and small children should be tuber- 
culin tested at regular intervals if tragedy is 
to be avoided. 

Brenda, aged 1234 years, was admitted 
with a history of swelling of the feet and 
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abdomen for 2 months. Her doctor found 
that she had albuminuria and referred her 
for investigation. The past history was un- 
important. On examination she was found 
to be well nourished and did not look ill. 
The outstanding signs were pitting edema of 
both legs, hepatosplenomegaly, and embryo- 
cardia. The liver was 3 fingerbreadths below 
the right costal margin and the edge was 
firm and regular. The spleen was 2 fin- 
gerbreadths below the left costal margin. 
The heart was normal in size and there 
were no murmurs heard but there was 
marked jugular pulsation. The blood pres- 
sure was 135/85. The urine contained a 
trace of albumin and a few white blood 
cells. Examination of the blood revealed 
a 13 per cent eosinophilia in a count of 
7,400 white cells with 67 per cent poly- 
morphonuclear leukocytes, 15 per cent lym- 
phocytes, and 5 per cent monocytes. The 
hemoglobin was 83 per cent. Liver function 
tests showed a total protein of only 4.4 mg. 
per cent with 2.1 per cent albumin and 2.5 
per cent globulin. Electrophoresis and chro- 
matography showed no abnormalities. The 
blood urea was 26 mg. per cent, cholesterol 
215 mg. per cent, phosphatase 10 King- 
Armstrong units, and thymol turbidity 2 
units. Successive blood counts showed a per- 
sistence of the eosinophilia, which varied 
from 7 to 29 per cent. Albuminuria was min- 
imal and inconstant..Repeated examination 
of the stools showed no evidence of helmin- 
thiasis. However, Brenda stated that she kept 
forty budgerigars at home. X-ray of the 
chest revealed no abnormality, but on screen- 
ing it was possible to see areas of pericardial 
calcification extending over both ventricular 
surfaces. The ECG showed changes indica- 
tive of pericarditis with some infiltration into 
the superficial myocardium. The Mantoux 
reaction was negative to 1, 10, and 100 T.U. 
There was little change in her general con- 
dition, which remained good, during the 
next month. The negative Mantoux reaction 
to 100 T.U. excluded tuberculosis and, in an 
effort to determine the etiology, particularly 
on account of the eosinophilia, liver biopsy 
was performed. The liver was found to be hard 
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Fig. 2. X-ray showing large mediastinal mass. 


and nodular over its entire surface; the 
spleen was also very hard. The biopsy report 
stated, “The liver is not normal. No granu- 
lomas can be seen. There is a mild fibrosis, 
both of the portal tracts and in the central 
lobular zones with dilatation of the sinusoids 
in the central zones. The picture is com- 
patible with cardiac cirrhosis, due presum- 
ably to constrictive pericarditis.” To relieve 
the edema pericardectomy was undertaken 2 
weeks later. The pericardium was found to 
be thick and fibrous and adherent to the 
myocardium in many places; also to the dia- 
phragm. A constricting fibrous band ran 
down the right ventricle from a hard calci- 
fied plaque above. This band was dissected 
off the pericardium and the pericardium was 
stripped off the right atrium and ventricle. 
The caval openings were not constricted. 
After the operation she improved almost 
immediately. A profuse diuresis relieved the 
edema, the liver shrank to one fingerbreadth 
below the costal margin and the pulsations of 
the neck veins markedly diminished. She was 
discharged 11 days after the operation. 
Section of the excised pericardium showed 
it to be considerably thickened, chiefly by 
fibroelastic tissue and some calcification. 
Small clusters of lymphocytes and plasma 
cells were seen, but.there were no tubercles, 
giant cells, eosinophils, or evidence of any 


specific reaction. 


Some diagnostic difficulties 263 


Brenda has been seen at intervals since 
her discharge and remains well and active, 
leading a normal life. The spleen remains 
enlarged but the liver is no longer palpable 
and she has no edema. The serum proteins 
have risen to 6.5 mg. per cent (albumin 4.2, 
globulin 2.3) and the eosinophils have fallen 
to 2 per cent. The Mantoux reaction to 100 
T.U. is still negative. The ECG shows some 
improvement, there being no longer any in- 
dication of myocarditis. The cause of the 
constrictive pericarditis remains unknown, as 
does that of the persistent splenomegaly and 
the eosinophilia. The prognosis must there- 
fore be guarded. 


CAVAL OBSTRUCTION, ONE CASE 
INVOLVING THE SUPERIOR, AND 
THE OTHER THE INFERIOR, 
VENA CAVA 


Jack was admitted at the age of 8 months, 
with a history of cough for 2 months and 
increasing difficulty in swallowing solids. 
Two weeks before admission his neck had 
become swollen and the appearance of di- 
lated veins on both sides of the neck and on 
the front of the chest attracted the mother’s 
attention. 

On examination his face was suffused, 
there was marked venous fullness in the 
neck, and dilated veins were present on the 
upper arms and front of the chest. He had 
some dyspnea and orthopnea and was so dis- 
tressed that he had to be fed by tube. There 
was a palpable swelling at the root of the 
neck above and behind the clavicles. Exami- 
nation was otherwise negative. There was no 
family history of tuberculosis elicited but he 
reacted positively to 100 T.U. The blood 
count showed red blood cells 3.64 million, 
hemoglobin 56 per cent, white blood cells 
16,000, polymorphonuclear leukocytes 84, 
lymphocytes 10, monocytes 5, eosinophils 1. 
Examination of the marrow showed no ab- 
normality. X-ray of the chest showed a large 
mediastinal mass which was diagnosed as 
thymic in origin (Fig. 2). He was referred 
for radiotherapy and was given low dose ir- 
radiation on 3 consecutive days. A few days 
after this therapy the neck became more 
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Fig. 3. X-ray of patient in Fig. 2 one year later 


swollen and the mass at the root arising from 
behind the right clavicle was now definitely 
fluctuant. Aspiration of this swelling pro- 
duced 15 ml. of thick green pus in which 
VU ycobacterium tuberculosis and streptococci 
were seen in abundance, and subsequently 
cultured. The following day the neck was 
incised above both supraclavicular fossae 
and several ounces of pus were evacuated 
from each side, with: almost instantaneous 
relief of symptoms. Thereafter he made slow 
but uninterrupted progress, being treated 
with streptomycin and_ para-aminosalicylic 
acid. He received, in all, 97 Gm. of strepto- 
mycin during a period of 11 months (this 
was before isoniazid was known) and subse- 
quently showed no evidence of any toxic 
effects. Today he is fit and well and has only 
residual mediastinal nodal calcification (Fig. 
} 

This case demonstrates the necessity for 
probing into the history. The mother stated 
that there was no family history of tubercu- 
losis and no known contact, yet we discov- 
ered later that Jack’s father had been treated 
for tuberculosis. With a patient 8 months of 
age, more attention should have been paid 
to the positive Mantoux reaction, and the 
high polymorphonuclear count on admission 
should also have been more seriously consid- 


ered. However, the urgent nature of his 


dyspnea and the large mediastinal mass led 


us to think in terms of malignant thymoma 
or lymphosarcoma and to use radiotherapy 


as a combined diagnostic and therapeutic 
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measure. Whether this treatment expedited 
the breaking down of the abscess, or whether 
this was due to a superimposed streptococcal 
infection is immaterial. The diagnosis be- 
came clear immediately after the aspiration 
and the final outcome was better than we 
had anticipated. 

Robert, aged 3 years, was admitted for 
investigation because of markedly enlarged 
tortuous veins on the anterior abdominal 
wall. He was otherwise quite normal and 
symptom free. 

The history was that he had been ad- 
mitted to a hospital at the age of 11 days 
and was found to be suffering from staphylo- 
coccal septicemia. At this time the veins were 
already prominent on the chest and anterior 
abdominal wall, having been first noticed 
when he was 3 days old. He recovered well 


Fig. 4. Infrared photograph of enlarged veins. 
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from this septicemia and an accompanying 
osteomyelitis of the humerus and had had no 
other illnesses since. 

His birth weight was 5 pounds 14 ounces 
und at the time of the present admission he 
weighed 31 pounds 4 ounces. On examina- 
tion, apart from inspection, the important 
physical findings were a palpable liver of 
normal contour extending 2 fingerbreadths 
below the costal margin, and the absence of 
splenomegaly. There were many enlarged, 
tortuous veins on the chest and anterior ab- 
dominal wall, but no caput Medusae. The 
veins came from the lowermost part of the 
abdominal wall (Fig. 4) and filled from be- 
low upward. This peculiar venous conforma- 
tion, together with the absence of spleno- 
megaly, suggested an inferior vena caval ob- 
struction and a venogram (Fig. 5) confirmed 
this. Liver function tests were all normal. 

The interest in this boy lies in the cause 
of the obstruction. Was it a congenital anom- 
aly or the result of his neonatal sepsis? The 
fact that the dilated veins on the anterior 
abdominal wall had been noticed at the age 
of 3 days suggests that a congenital origin is 
the more likely. 

Knowledge about inferior caval obstruc- 
tion is scanty, but Kibel and Marsden® re- 
viewed the literature in recording the case 
of a child aged 10 years with the Chiari 
syndrome who also had thrombosis of the 
inferior vena cava which was probably con- 
genital in origin. Rudimentary valves, fenes- 
trated membranes, and fibrosis had all been 
recorded in previously described cases of in- 
ferior caval thrombosis and the consensus 
favored a congenital origin in most. 

The future also presents a problem. At 
the present time Robert’s collateral circula- 
tion is adequate, but the prominent dilated 
veins on the anterior abdominal wall will 
offer some hazard when he reaches school 
age. He also has a persistently enlarged liver, 
but there is no evidence of ascites. 

COUGH, CYANOSIS AND DIFFUSE 

PULMONARY MOTTLING 


Christine, aged 14 months, had suffered 
from a cough for 6 months. For the past 3 
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Fig. 5. Venogram of patient in Fig. 4. 


months she had not gained any weight. 
Three weeks before admission the cough had 
become worse, she had lost weight, was 
feverish, and respiration was labored. 

On admission there was slight cyanosis, 
respiration was rapid and audible (80 per 
minute), and the temperature was 102° F. 
She had a faint erythematous papular rash 
on the abdomen and chest; this lasted only 
a few days. There were no abnormal signs in 
the chest, but the liver and spleen were both 


palpable two fingerbreadths below the costal 


margins. 

X-ray of the chest (Fig. 6) was reported 
as “suggestive of miliary tuberculosis” but 
the Mantoux reaction was negative to 10 
and 100 T.U. In view of this, and of the 
splenomegaly, a reticulosis of the Letterer- 
Siwe type was suspected and she was given 
cortisone, 150 mg. daily. She improved im- 
mediately and steadily in general condition 
and the hepatosplenomegaly subsided. The 
chest x-ray remained unchanged, however, 
and when the cortisone was reduced from 
150 to 100 mg. daily her condition began to 





266 Gaisford 


Fig. 6. X-ray of chest showing areas of mottling 
in both lungs 


deteriorate, the respiratory rate increasing, 
with a return of slight cyanosis. Restoration 
of the initial dose brought improvement 
again. After 3 months she had gained 4 
pounds (from 15 pounds 8 ounces to 19 
pounds 8 ounces). Because of the persistent 
changes in the lung fields it was decided to 
undertake lung biopsy and the surgeon re- 


ported that the lung felt like an “elderly 


emphysematous lung” and there were gray- 
ish nodules scattered closely throughout it. 
The pathological report was: “Granuloma- 
tous foci are present, containing epithelioid 
cells and fibroblasts. There are a few poly- 
morphs and lymphocytes and a very small 
number of eosinophils in these foci. The 
alveoli contain many macrophages and the 
interalveolar septa are much thickened.” 

The differential diagnosis rests between 
histiocytosis (of the Hand-Schiiller type 
Letterer-Siwe’s disease, and the Hamman- 
Rich syndrome. The histological picture may 
well have been modified by the steroid ther- 
apy, but the consensus of opinion was that 
the lesions were those of Letterer-Siwe’s dis- 
ease. Her facies is nevertheless becoming 
rather froglike and suggestive of Hand- 
Schiller-Christian disease. 

She was discharged to attend the outpa- 
tient department, receiving prednisolone, 20 
mg. daily. Thereafter she improved steadily 


and at the age of 2 years and 2 months 


weighed 22 pounds and was maintained on 
2.5 mg. prednisolone daily. The chest x-ray 


remains completely unaltered. She has now 
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been without treatment for 6 months and 
is symptom free. 

Johanna was first seen at the age of 18 
months. She had had bronchopneumonia 4 
months previously and had not been well 
since. There were no definite symptoms ex- 
cept general weakness and pallor. Her 
mother refused to allow her to come into the 
hospital until a year later; during the inter- 
val she had been well but continued to show 
marked pallor. 

On admission (aged 24% years) she 
weighed 19 pounds 13 ounces (9 kilograms 
and presented no abnormal signs on physical 
examination except extreme pallor of the 
skin and mucous membranes and a hemic 
cardiac bruit. The blood count was as fol- 
lows: red blood cells 1.34 million per cubic 
millimeter; hemoglobin 15 per cent; white 
blood cells 13,600 with a normal differential 
count; reticulocytes 4.4 per cent. 

The bone marrow was highly cellular with 
marked hyperplasia of the erythroid series. 

She was given a blood transfusion of 200 
ml. which raised the hemoglobin to 35 per 
cent and the red blood count to 2.52 mil- 
lion. Thereafter, with iron therapy the he- 
moglobin rose to 76 per cent and the red 
blood count to 4 million. X-ray of the chest 

Fig. 7) showed an enlarged heart and a 


Fig. 7. X-ray of chest showing widespread reticu- 
lar mottling throughout both lungs. 
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Fig. 8. Small pulmonary artery showing acute necrotizing arteritis. (Hematoxylin and eosin. 


Original magnification x90.) 


widespread fine reticular mottling over the 
whole of both lung fields. 

The initial diagnosis considered was mili- 
ary tuberculosis with anemia, possibly die- 
tetic but possibly due to bleeding from a 
Meckel’s diverticulum. However, the Man- 
toux reaction was negative and repeated 
examinations of the stools were negative for 
occult blood. The differential diagnosis was 
then centered on the radiological picture. 

A month later she developed pneumonia 
from which she recovered slowly. It was 
then noticed that she had a gradually in- 
creasing cyanosis and early clubbing of the 
fingers. Dyspnea became progressively more 
marked and she had to be put in an oxygen 
tent. She became more distressed as the 
weeks passed and crepitations were now 
audible over the entire pulmonary area. 
The liver also became palpable and, shortly 
before she died, hemorrhagic spots, enlarg- 
ing to blisters, appeared on the elbows and 
back. She died 4 months after admission, 
having been continuously in oxygen for 
nearly 2 months and showing progressively 


increasing cyanosis and dyspnea. 
No definite diagnosis was reached. 
At postmortem examination the essential 


findings were fibrinous pericarditis, slight 
dilatation and hypertrophy of the heart, en- 
larged fatty liver, and congested kidneys 


with a few cortical hemorrhages. The lungs, 
which were brown on section, with a few 
recent hemorrhages in the right upper lobe, 
were firm and the blood vessels unusually 
conspicuous. There were numerous fibrous 
adhesions between the pleural surfaces on 
both sides, with some exudate. 

Sections of the lung showed hemorrhages 
in the alveoli and septa. There were numer- 
ous hemosiderin-containing macrophages in 
the alveoli. The vessels showed necrotizing 
arteritis with surrounding polymorphonu- 
clear, plasma cell, and eosinophil reaction 
(Figs. 8 and 9). Evidence of polyarteritis 
was found also in the gastrointestinal tract, 
uterus, and ovaries. The kidneys showed ne- 
crosis of many of the glomerular capillary 
loops and some interstitial hemorrhage. The 
lymph nodes contained hemosiderin and 
showed plasma cell reaction. 

The final diagnosis was pulmonary hemo- 
siderosis and polyarteritis nodosa an associa- 
tion which has, as far as I am aware, been 
reported in childhood only once before. 
Wyllie and co-workers‘ described 7 children 
who suffered from idiopathic pulmonary 
hemosiderosis and reviewed the 17 cases pre- 
viously published, all except one occurring in 
infants or children under the age of 16 years, 
but there was no suggestion of polyarteritis 
in any of these. However, Bruwer, Kennedy 
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Fig. 9. Lung, showing necrotizing arteritis of a small pulmonary artery, and hemosiderosis 
and interstitial fibrosis of the surrounding lung tissue. (Hematoxylin and eosin. Original mag- 


nification x15 


and Edwards*® reported the case of a boy 
aged 12 years in whom pulmonary hemo- 
siderosis and polyarteritis were associated, 


together with glomerular changes in the kid- 


neys. Johanna at no time presented any uri- 


nary abnormalities. 


CEREBRAL ABSCESS 
SIMULATING EPILEPSY 


Barry, aged 2 years, was admitted be- 


cause of intermittent fever, bouts of vomit- 
ing, listnessness, and anorexia for 3 months. 
The story was that he had been playing 
with a chisel which his mother told him 
to put down, whereupon he ran away, but 
fell, the chisel puncturing his right lower 
eyelid. The mother took him to the local 
hospital where he was given tetanus anti- 
toxin. Apart from a hematoma there was no 
evident sequel. Two weeks later he became 
feverish and held the right side of his face 
with his hand and screamed. His doctor 
found he had an inflamed eardrum and pre- 
scribed penicillin followed by chlorampheni- 
col because the temperature did not subside. 
He was readmitted to the local hospital for 
investigation. Physical examination was neg- 
ative, as were agglutination tests, chest x-ray, 
Mantoux test, and urine examination, but 
the erythrocyte sedimentation rate was 20 
mm. and the white blood count 10,500 with 


63 per cent polymorphonuclear leukocytes. 
His temperature fell and his condition im- 
proved and he was discharged after 10 days. 
Four weeks later he was readmitted with 
similar symptoms which had recurred a week 
before. As the right eardrum was still abnor- 
mal and the temperature varied between 98 
and 102° F., a right cortical mastoid opera- 
tion was performed. Apart from some edema 
and hyperemia the mastoid appeared nor- 
mal. The next day a lumbar puncture was 
performed and the cerebrospinal fluid found 
to contain 17 lymphocytes; the protein was 
40 mg. per 100 ml. The white blood cell 
count was 13,000, with 70 per cent poly- 
morphonuclear cells. Two days later the lum- 
bar puncture was repeated; the fluid now 
contained 22 lymphocytes, and the protein 
was 35 mg. per 100 ml. No other abnor- 
mality appeared in the fluid. 

As his condition had improved and the 
vomiting ceased he was discharged, despite 
continuing mild pyrexia; it was thought that 
he had probably had encephalitis. The cere- 
brospinal fluid on the day of discharge con- 
tained 6 lymphocytes, and the protein was 
60 mg. per cent. The electroencephalogram 
showed asymmetry between the two hemi- 
spheres with bursts of theta activity in the 
right parietal region but the picture was con- 
sidered to be nonspecific, though suggestive 
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of inflammation. Two weeks later he was ad- 
mitted to our hospital because of restlessness, 
head-banging, vomiting, and continued fever. 
The referring pediatrician said that two 
things had struck her particularly: first, the 
persistent polymorphonuclear leukocytosis 
and, second, the fact that on two occasions 
while he had been under her care Barry had 
had a pulse rate of 66 while sleeping. On 
the day he was transferred it was noticed 
that he had a left facial paresis. 

On examination when he was admitted 
the only abnormal physical finding was the 
facial weakness. The cerebrospinal fluid 
contained 6 lymphocytes, and the protein 
was 40 mg. per cent. He improved rapidly, 
was afebrile and symptom free, and was dis- 
charged after 10 days with a diagnosis of 
subsiding cerebral thrombophlebitis. 

Five weeks later he was readmitted be- 
cause of a recurrence of the low-grade py- 
rexia and occasional vomiting (about twice 
a week). The cerebrospinal fluid at this time 
contained 22 lymphocytes, and the protein 
was 80 mg. per cent. The sedimentation rate 
was 74 mm. in one hour, and the white 
blood count 14,500. In addition to left facial 
paresis he had developed a left hemiparesis. 
On ophthalmological examination there was 
now definite evidence of bilateral papill- 
edema. X-ray of the skull showed separation 
of the sutures, and a tentative diagnosis of 
cerebral abscess was made. Ventriculography 
showed marked dilatation of the left lateral 
ventricle which was displaced to the left. Air 
entered only the tip of the temporal horn of 
the right lateral ventricle and a right tempo- 
ral lobe abscess was diagnosed. One week 
later a right temporal burr hole was made 
and an abscess located by cannula. Forty-five 
milliliters of thick yellow-green pus was as- 
pirated. Penicillin, 500,000 units, was injected 
into the cavity, together with 1 ml. of Thoro- 
trast. The resulting pyogram showed a large 
right frontoparietal abscess and another in 
the frontal region. The following week the 
right frontal lobe was exposed and a large 
abscess evacuated. Further exploration with a 
cannula revealed a third loculus of pus from 
which 30 ml. was aspirated. The penicillin 
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instillation was repeated, together with 0.5 
Gm. streptomycin and | ml. of Thorotrast. 
The pyogram showed three clear abscess 
cavities. The next week the surgeon removed 
multiple frontal and temporal abscesses and 
found a hole in the dura over the lateral side 
of the cribriform plate—the primary source 
of the infection. 

Culture of the pus grew Staphylococcus 
aureus which was sensitive to streptomycin 
but resistant to penicillin. Progress was 
steady and uninterrupted and he was dis- 
charged 18 days after his major operation. 
Thereafter he made a remarkable recovery; 
the paresis disappeared and he now talks 
normally, walks, and plays happily. 

In retrospect it is clear that we paid in- 
sufficient attention to the initial incident of 
the chisel. As there was no obvious external 
scar and the original complaint appeared to 
be an acute otitis media the possibility of 
an infected penetrating wound was com- 
pletely overlooked. Subsequent closer inspec- 
tion of the lower eyelid showed a minute 
puncture scar. 

In prospect there must obviously be a risk 
of epilepsy after such a major operation. 
This, and the hazards involved in the opera- 
tions, might have been avoided had greater 
importance been attached to the primary 


trauma. 


IATROGENIC EPIPHYSEAL 

DYSPLASIA 

Paul, aged 5 years, had been well till the 
age of 15 months when his knees became 


painful and swollen. The condition spread 


to other joints: ankles, toes, shoulders, wrists, 
and fingers. The diagnosis at this time was 
rheumatoid arthritis, and he was given corti- 
sone continuously until the time of his admis- 
sion to the hospital. The total amount of 
steroid given during the 334 years of treat- 
ment was 22 Gm. The reason for his admis- 
sion was increasing difficulty in walking, in- 
creased swelling of the knees, and marked 
genu valgum. 

On examination he was dwarfed (height 
3 feet 1 inch) (Fig. 10) and had a waddling 
gait. There was marked genu valgum and 
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Fig. 10. Photograph of Paul, showing moon- 
shaped face, deformity of hands, genu valgum, 
and swelling of knee joints. 


coxa vara. Considerable fluid was present in 
both knee joints, particularly the left, and in 
the wrists. He also had some ulnar deviation 
of the hands and fusiform swelling of the 
proximal interphalangeal joints. Physical 
examination was otherwise normal. X-rays 
(Figs. 11, 12 and 13) showed multiple dys- 
plasia of the epiphyses, but the spine was 
normal, as was the skull. Aspiration of the 
left knee joint produced 5 ml. of thick yel- 
lowish fluid which contained 19,800 cells per 


cubic millimeter, 92 per cent polymorpho- 
nuclear leukocytes and 8 per cent lympho- 
cytes; the protein content was 8 Gm. per 


cent. No organisms were seen, and the cul- 
ture was sterile. The blood sedimentation 
rate was 47 mm. in the first hour and the 
serum proteins were 6.9 Gm. per cent, 3 Gm. 
albumin and 3.9 Gm. globulin; electrophore- 
sis showed a decrease in albumin and an in- 
crease in gamma globulin. There was noth- 
ing notable in the blood count. 

In view of the radiologist’s diagnosis of 
multiple epiphyseal dysplasia and the ab- 
sence of any radiological evidence of Still's 
disease the original diagnosis was reconsid- 
ered. There is a marked clinical similarity 
between Still’s disease and multiple epiphys- 
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eal dysplasia, a rare condition, first de- 
scribed by Fairbank,® which has been mis- 
taken for achondroplasia, Morquio’s disease, 
and dysplasia epiphysialis punctata as well 
as Still’s disease. Symptoms begin in early 
childhood with pain and stiffness in various 
joints, especially the knees, and the hands 
have a characteristic stubby appearance. The 
genetic influence in this disease has been well 
discussed by Barrie and associates.’ Paul is 
an only child; his parents are normal. 

As a result of the changed diagnosis the 
steroid therapy (5 mg. prednisolone daily) 
was discontinued. One week later Paul com- 
plained of severe headache and vomited sev- 
eral times; examination of the discs revealed 
bilateral papilledema. Lumbar puncture pro- 
duced a clear fluid under markedly increased 
pressure (over the top of the manometer). 
The fluid contained 20 mg. per cent protein 
and less than 3 cells per cubic millimeter. 
It was considered that he had a “metabolic 
wet brain” and prednisolone was recom- 
menced with 15 mg. daily. Thereafter he be- 
came much brighter, ceased complaining of 
headache, and had no further bouts of vom- 
iting. It a fortnight the discs were normal. 
With rest and physiotherapy the joint swell- 
ings lessened considerably, and he soon be- 
gan walking again. He has progressed rea- 
sonably well since, although he still needs 5 
mg. prednisolone daily to control the pain, 
which is unrelieved by aspirin. The plasma 
proteins are now 7.5 Gm. per cent (albumin 
4, globulin 3.5) but electrophoresis reveals a 
persisting increase in gamma globulin. Or- 
thopedic measures are considered likely to be 
necessary in about 5 years, both for the genu 
valgum and the coxa vara. 

The particular features were the almost 
purulent synovitis, the rapid evolution of 
cerebral edema after withdrawal of the ste- 
roid therapy and its equally rapid subsidence 
after treatment was recommenced. In con- 
nection with the latter feature Jefferson® has 
stressed that the neurological effects of 
adrenal failure can closely simulate those of 
organic brain disease. 

Valentine® also recorded the case of a girl, 
aged 4 years, suffering from nephrosis, who 
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Figs. 11 and 12. X-rays of the knee and shoulder showing epiphyseal dysplasia. 


Fig. 13. X-ray of the wrist and hand showing epiphyseal dysplasia. 


reacted similarly after triamcinolone, which 
produced bilateral papilledema and marked 
increase in intracranial tension, the picture 
suggesting a posterior fossa tumor. When the 
drug was discontinued the whole process 
subsided. In Paul, however, it was the with- 
drawal of the steroid which produced the 
changes. While the diagnosis of multiple 
epiphyseal dysplasia was accepted the prob- 
lems requiring solution were: why did he 
have an almost purulent synovitis, why did 
he require steroids to control the symptoms, 
and why did he have an abnormal electro- 
phoretic pattern? These could only be satis- 
factorily explained if the original diagnosis 
of rheumatoid arthritis were correct and if 
the epiphyseal dysplasia were the direct re- 
sult of the long-continued administration of 
steroids during the growth period. Professor 
Kellgren, Director of the University Depart- 
ment of Rheumatology, considered that this 
was the true explanation and that it in- 
cluded the reaction to steroid withdrawal 
which Paul exhibited. Professor Kellgren 
estimated that Paul’s steroid dosage was 
equivalent to that of maximal tolerance for 
long administration in an adult and that his 
neurological episode was directly due to 


adrenal cortical failure. The particularly in- 
teresting feature of this case is the “radio- 
logical substitution” of one disease by an- 
other as the result of therapy. 


RECURRENT SUBCUTANEOUS 
NODULES 


Graham, aged 10 years, had suffered dur- 
ing the past year from recurrent attacks of 
fever, painful red lumps in the legs, and 
stomatitis. The attacks came at irregular in- 
tervals and were preceded by pallor, malaise, 
and lassitude. The lumps appeared on both 
legs, were few in number (three or four), 
and were scattered on the thighs and calves. 
They looked at first sight like nodal ery- 
thema, i.e., they differed from erythema 
nodosum by not being localized to the shins, 
they were smaller, more indurated, and cir- 
cular rather than oval, and they left no 
staining after subsidence. A day or two after 
a lump appeared he would develop aphthous 
ulcers in his mouth. During an attack his 
temperature would rise to 101 to 102° F. 
and the erythrocyte sedimentation rate 
would vary between 35 and 50 mm. per 
hour. Between attacks he was perfectly well. 
Physical examination was essentially normal. 
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Blood cultures taken in repeated attacks 
were always sterile and the blood showed no 
unusual features, the white count varying be- 
tween 11,000 and 12,000 per cubic milli- 
meter, with 60 to 65 per cent polymorpho- 
nuclear leukocytes and 25 to 30 per cent 
lymphocytes. There was no_ eosinophilia. 
X-rays of the chest, limbs, teeth, and sinuses 
showed no abnormality. The urine was al- 
ways normal and during one attack a biopsy 
of one of the skin lesions showed perivascu- 
lar lymphocytic infiltration in the dermis and 
some perivascular interstitial polymorpho- 
nuclear invasion in the subcutaneous tissues. 
The Mantoux test was negative. 

A tentative diagnosis of recurrent non- 
suppurative panniculitis (Weber-Christian 
disease) was made but discarded in favor of 
the Rothmann-Makai syndrome because the 
lesions disappeared completely, whereas in 
Weber-Christian disease there are residual 
deep, saucerlike depressions which persist. 
Both conditions are thought to be due to a 
bacteremia or viremia’® but no evidence of 
this was found. The associated stomatitis 
was suggestive of a viral rather than a bac- 
terial origin, but where the nidus of infec- 
tion lay could not be determined. Chemo- 
therapy did not alter the course of the at- 
tacks while Graham was under observation, 
nor did prophylactic penicillin prevent theit 
recurrence. Cortisone, however, seemed to 
be effective. While receiving 50 mg. daily he 
remained free of attacks, but when this dose 
was halved an attack recurred promptly. He 
was finally discharged after 4% months in 
the hospital and has continued on 5 mg. 
prednisolone twice daily. He appears to be 
healthy, but he still has nodules at intervals 
of 2 to 3 weeks, though these no longer re- 
strict his activity. He recently complained of 
blurred vision in his left eye and was found 
to have a vitreous hemorrhage. This raises 
the possibility that he had a forme fruste of 
Behcet’s syndrome.'' (Three similar cases 
were described by Katzenellenbogen.**) What 
the outcome will be remains obscure. 

It is sad, but perhaps salutary, to conclude 
this selection with a therapeutic failure, for 


complacency has no place in any pediatri- 
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cian’s makeup and it is much easier to re- 
member successes than failures. Of the cases 
reported here it will be clear that failure at 
one or more stages occurred in all of them 
and it is with humility rather than pride 
that they are presented. 


It is a pleasure to record my appreciation of 
the help I received from many colleagues in 
establishing a diagnosis and treating these 
children. In particular I would express my 
gratitude to the pediatricians, Dr. Brenda Morris, 
Dr. Don Hilson, and Dr. W. M. L. Turner, who 
referred children to me; to Dr. M. L. Thomson 
for allowing me to include one of his patients; 
to Miss V. K. Wilson, biochemist, Mr. A. N. 
Guthkelch, neurosurgeon, Dr. H. B. Marsden, 
pathologist, Mr. A. Jolleys, surgeon, and Mr. H. 
A. Haxton, cardiac surgeon, the Royal Man- 
chester Children’s Hospital; to Dr. Blair Hart- 
ley, radiologist, St. Mary’s Hospitals, Manches- 
ter; Mr. H. T. Simmons, surgeon, the Royal 
Infirmary, Manchester; Professor J. H. Kellgren, 
director of the Department of Rheumatology, 
Manchester University; to my senior lecturer, 
Dr. A. Holzel; and to my ward sisters who, as 
always, played such a large part in the care of 
the children. I am indebted to Dr. Ollerenshaw, 
director of the Department of Medical Illustra- 
tion, United Manchester Hospitals, for the il- 
lustrations, and to Professor A. C. P. Campbell 
for the photomicrographs. 


REFERENCES 


Olney, M. B., and Stephens, H. B.: Coarcta- 
tion of the Aorta in Children, J. Peprat. 37: 
639, 1950. 

Glushien, A. S., Mansuy, M. M., and Litt- 
man, D. S.: Pheochromocytoma: Its Rela- 
tionship to Neurocutaneous Syndromes, Am. 
J. Med. 14: 318, 1953. 

Kibel, M. A., and Marsden, H. B.: Inferior 
Vena Caval and Hepatic Vein Thrombosis: 
the Chiari Syndrome in Childhood, Arch. 
Dis. Childhood 31: 225, 1956. 

Wyllie, W. G., et al.: Idiopathic Pulmonary 
Haemosiderosis, Quart. J. Med. 17: 25, 1948. 
Bruwer, A. J., Kennedy, R. L. J., and Ed- 
wards, J. E.: Recurrent Pulmonary Haemor- 
rhage With Haemosiderosis: So-Called Idio- 
pathic Pulmonary Hemosiderosis, Am. J. 
Roentgenol. 76: 98, 1956. 

Fairbank, H. A. T.: Dysplasia Epiphysialis 
Multiplex, Brit. J. Surg. 34: 225, 1947. 
Barrie, H., Carter, C., and Sutcliffe, J.: Mul- 
tiple Epiphyseal Dysplasia, Brit. M. J. 2: 133, 
1958. 





Volume 56 


8. Jefferson, A.: 


Number 2 


Manifestations of Suprarenal 
Insufficiency Occurring With Pituitary 
Tumors, J. Neurol. Neurosurg. & Phychiat. 
20: 265, 1956. 

Valentine, G. H.: Triamcinolone and Intra- 
cranial Hypertension: a Side-Effect? Lancet 


1: 892, 1959. 


Carleton, A.: The Weber-Christian Disease or 


Relapsing Febrile Nodular Nonsuppurative 
Panniculitis, in Weber, F. Parkes, editor: 
Further Rare Diseases, New York, 1949, 
Staples Press, Inc., p. 103. 


11. 


273 


Some diagnostic difficulties 


Behcet, H.: A propos d'une entité morbide 
due probablement a un iritis special donnant 
lieu A une infection généralisée se manifestant 
par des poussées récidivantes en trois régions 
principales et occasionnant en particulier des 
iritis répétés, Bull. Soc. frang. de dermat. et 
syph. 46: 674, 1939. 

Katzenellenbogen, I.: Recurrent Aphthous 
Ulceration of Oral Mucous Membrane and 
Genitals Associated With Recurrent Hy- 
popyon Iritis (Behcet’s Syndrome); Report of 
3 Cases, Brit. J. Dermat. 58: 161, 1946. 





274 The Journal of PEDIATRICS 


February 1960 





On the role of 


infections in neonatal mortality 


Waldo E. Nelson, M.D.* 


PHILADELPHIA, PA. 


WitHIn the past half century a variety 
of factors has contributed to a markedly 
improved state of health for infants and 
children and a consequent comparable de- 
crease in mortality rates. These improve- 
ments are reflected in neonatal rates but to 
a much less extent than in those of the sub- 
sequent months and years of childhood. At 
the present time the two outstanding prob- 
lems of child health are related to control 
of births (planned parenthood), especially 
in the underprivileged countries, and to re- 
duction of fetal wastage and of neonatal 
morbidity and mortality. It is the intent 
here to examine the role of infections in 
neonatal morbidity and mortality. The data 
to be considered are mainly from the United 
States and to a lesser extent from England 
and the northern European countries. It is 
recognized that the relative incidence of the 
different causes of perinatal mortality var- 
ies considerably in different parts of the 
world. 

The importance of the problem of peri- 
natal mortality in the United States is 
illustrated by the number of deaths an- 
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nually which are related to birth and oc- 
cur before or shortly thereafter in compari- 
son with deaths in the remainder of the 
pediatric age range. In 1955 there were 
77,351 deaths' in the first 4 weeks of life 
and the number of fetal deaths was esti- 
mated to be about 10 per cent more.? By 
contrast, in the same year there were only 
29,652 deaths in the subsequent 11 months 
of the first year of life, of which at least 10 
per cent were attributed to perinatal causes, 
and in the subsequent pediatric years (1 to 
14) only 31,444 deaths, of which more than 
one-third were caused by accidents.’ The 
mortality rates at specified ages also pro- 
vide useful comparisons. Neonatal deaths 
first 28 days of life) in 1955 in the United 
States occurred at the rate of 19.1 per 1,000 
live births whereas the mortality rate for 
the next 11 months (2 to 12) was 7.3 per 
1,000 live births, and the mortality rate per 
1,000 children from ages 1 through 14 years 
was only 0.7. It is evident, therefore, that 
the potential for the saving of lives is 
greatest in the perinatal period. 

The frequency with which infections are 
responsible for neonatal morbidity and mor- 
tality is not known with any degree of ac- 
curacy. The lack of characteristic clinical 
manifestations of many neonatal infections, 
the frequent failure of newborn infants 
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with infection to develop fever and/or leu- 
kocytosis, and the failure to obtain cultures 
of the blood and spinal fluid in sick infants 
all contribute to our lack of specific in- 
formation concerning the role of infection 
as a cause of neonatal morbidity.’ Post- 
mortem examinations of the infants who 
die, moreover, are often inadequate and 
do not include bacteriologic studies or the 
preparation of histologic sections of the tis- 
sues.* As a result, many deaths in the neo- 
natal period are attributed to prematurity 
alone,’ and the presence of infection is 
entirely overlooked. It is recognized that the 
“incidence” of infection as a cause of 
death rises when complete postmortem stud- 
ies are performed on all infants who die, 
and that vital statistics, therefore, cannot 
be used as an accurate index of the in- 
cidence of infection. Thus, in vital statis- 
tics for the year 1955, 27 per cent of the 
77,351 deaths which occurred in the first 
28 days of life were attributed to “im- 
maturity unqualified” and less than 6 per 
cent of the deaths were attributed to in- 
fection. In contrast, postmortem studies 
from various sources have revealed an in- 
cidence of infection as a cause of neonatal 
death ranging from approximately 10 per 
cent? to 13.7,° 14.3,° and 15 per cent,‘ 
with an even higher incidence of infection 
not considered to be the primary cause of 
death in some series.” ** *:® For example, 
Ahvenainen* observed evidences of infec- 
tion as contributory or immediate causes 
of death in 68 per cent of infants in whom 
the underlying cause was attributed to 
malformations (26 per cent of the deaths 
in his series were attributed to malforma- 
tions), and significant but somewhat lower 
incidences of infection in infants whose 
underlying causes of death were attributed 
to other factors such as intracranial hem- 
orrhage and the pulmonary hyaline mem- 
brane syndrome. These data are from a 
series of 1,247 consecutive autopsies on 
infants who died within the first 28 days 
of life. In 20 per cent, infection was con- 
sidered to be the primary or underlying 
cause of death. Although his data do not 
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provide the exact number of instances in 
which infection was the immediate or con- 
tributory cause of death when an under- 
lying cause considered to be _ potentially 
lethal was present, it would appear to ap- 
proximate 30 per cent. In the study of Arey 
and Dent (1945-1947),* infection was pres- 
ent in about 31 per cent of cases when some 
other cause was considered to be the pri- 
mary or underlying one, and in a later 
study by Arey (1956-1957)° infection was 
similarly observed in 16.8 per cent. 

To what extent the reduction in neo- 
natal mortality can be attributed to a de- 
crease in deaths from infection cannot be 
deduced from available data owing to the 
inaccuracies in assigning causes of death. 
It probably has been considerable, however. 
In an approach to the problems of infec- 
tion in the fetus and the newborn both the 
specific infecting agent and the contrib- 
utory factors must be taken into account 
in the evaluation of etiological, preventive, 
and curative factors. 

Perhaps one of the most significant facts 
to be recognized is the limited, albeit im- 
portant, role of antimicrobial agents, pro- 
phylactic and therapeutic. 

A cursory appraisal of the neonatal mor- 
tality rates during the 40 year period from 
1915 to 1955 provides evidence that a 
variety of factors must have contributed to 
the reduction in mortality from a rate of 
44 per 1,000 live births in 1915 to one of 
19 in 1955. About one-half of this reduc- 
tion was accomplished by the midpoint of 
this period in 1935 when the rate was 32 per 
1,000 live births. 

The sulfonamides became available in 
the late thirties and penicillin was not 
widely available until 1944. In 1945, the 
neonatal mortality rate had decreased grad- 
ually to 24 per 1,000 live births. Certainly 
whatever portion of the reduction in neo- 
natal mortality from 1915 to the late 
thirties was due to a decrease in deaths 
from infection could not be attributed to 
the use of specific drugs. One may specu- 
late that improved obstetric practices and 


preventive measures, such as isolation with- 
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in newborn nurseries and general improve- 
ments, especially in the health status of 
parents which strengthened the infant’s re- 
sistive capacities, may have been signifi- 
cant factors 

Even since 1945, during which time there 
have been introduced a number of effective 
antibiotic agents, the reduction in total 
neonatal mortality has not proceeded at an 
accelerated rate. To be sure, much of the 
earlier reduction in mortality, that from 
1915 to 1940, may have been the result of 
general factors as suggested, and much of 
that in the past 10 or 15 years may be due 
to antimicrobial therapy. The data of Mc- 
Gregor'® do indicate a significant reduc- 
tion in neonatal deaths due to infection: 
30.7 per cent of deaths in her series in 1939- 
1943 in contrast to 13.7 per cent in 1949- 
1953.° Ahvenainen’s* experience was some- 
what similar in regard to deaths attributed 
to infection as the sole or primary cause: 
37 per cent were attributed to infections in 
1947-1949 and only 8 per cent in 1953-1956. 
However, in 1947-1949 he noted infection 
as a contributory cause in only 23 per cent 
of the deaths in contrast to an incidence 
of 35 per cent in 1953-1956, so that the 
reduction in the number of infections ob- 
served at autopsy was not as great as might 
appear at first glance. Arey’s experience 
has been quite different: in the series studied 
in New Orleans in 1945-1947,‘ 13 per cent 
of the deaths were attributed to infection 
and an approximately equal rate (15 per 
cent) of deaths primarily due to infection 
was observed in Philadelphia in 1956-1957.° 
Infection was considered to be a contribu- 
tory factor in approximately 27 and 17 per 
cent, respectively, in each series. 

Thus, though it is apparent that exact 
data regarding the incidence of disease due 
to infection in the fetus and newborn infant 
and mortality rates resulting from it are 
not known, it is evident that infection con- 
tinues to be a major factor in neonatal 
morbidity and mortality and a greater one 
than is indicated by vital statistics. 

Improved control of infections in the 
fetus and newborn infant with reduction 
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of morbidity and mortality from them 
would seem to be a distinct possibility. 
Such improvement will depend upon at- 
tention to a number of factors which in- 
clude: 

1. More accurate information of the eti- 
ological agents which may cause disease in 
the fetus and newborn infant, their modes 
of access, and the clinical patterns which 
they produce. 

2. Knowledge of the time of acquisition 
of infection: prenatal, natal (perinatal), or 
postnatal. 

3. Early identification of clinical illness. 

4. Awareness that disease acquired dur- 
ing birth or subsequently in the hospital 
may not be manifest immediately and at 
times not until after the infant has been 
dismissed from the hospital. 

5. Recognition that the infant as a carrier 
of pathogenic bacteria may infect other 
members of the family and may himself 
develop overt disease even months after the 
neonatal period. 

6. Meticulous attention to prophylactic 
measures: (a) prenatal care with empha- 
sis on maternal nutrition, health, and hy- 
giene; (b) delivery under as nearly aseptic 
conditions as possible; (c) strict isolation in 
the hospital nursery or preferably in a 
“rooming-in” unit with the mother; (d) 
avoidance of premature birth; and (e) 
avoidance of iatrogenie disease. 


ETIOLOGY OF FETAL 
AND NEONATAL INFECTIONS 


Although presumably most pathogenic or- 
ganisms can, under given circumstances, in- 
fect the neonate, only a limited number are 
known to be important as a frequent cause 
of disease and fewer are known to gain ac- 
cess to the fetus. 

Of bacterial diseases, syphilis'' has been 
the most important of the prenatal infec- 
tions, but significant advances have been 
made in its control in most parts of the 
world. The tubercle bacillus rarely infects 
the fetus but may do so when the placenta 
is the site of tuberculous disease.’* Listeria 
monocytogenes is a comparatively recently 
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recognized pathogen of the fetus, which ap- 
parently may cross the placenta and be re- 
sponsible for stillbirth or may infect the 
fetus just before or during birth and cause 
neonatal disease. 

Numerically, infections occurring during 
the perinatal period are perhaps of greatest 
importance.*:'* Here the organisms would 
appear to be acquired principally from the 
mother’s vaginal tract, and gram-negative 
bacilli, especially Escherichia coli, appear 
to be the most important pathogens. Sal- 
monella*® may also be transferred during 
birth or shortly thereafter. 

Subsequently during the neonatal period, 
infection is most often acquired from a 
hospital attendant. At the moment staph- 
ylococcal infections constitute the most ser- 
ious problem."® It has been suggested that 
the infant’s upper respiratory tract provides 
a particularly suitable environment for the 
Staphylococcus aureus, making the newborn 
infant particularly vulnerable to nosocomial 
infections.’ For some reason, pneumococcal, 
and Hemophilus influenzal infections are less 
frequent in the first month of life than they 
are in the subsequent months of infancy. 

Knowledge of viral infections in the fetus 
and the newborn infant is even more lim- 
ited than that of bacterial infections, but it 
is evident that they play an important role. 
Residual damage of the embryo from ma- 
ternal rubella during the first trimester of 
pregnancy may be quite serious.** Coxsackie 
viruses apparently may gain access to the 
fetus in utero and infect the newborn in- 
fant causing widespread disease and es- 
pecially myocarditis.'"* Herpesvirus hominis 
may cause generalized, usually fatal, disease 
in the newborn infant, with the virus pre- 
sumably most often being acquired from 
the mother.*° Although the infant, as a rule, 
acquires some passive immunity to polio- 
myelitis from his mother, he may be infected 
in utero if she has active disease during 
pregnancy.” Cytomegalic inclusion disease 
has been identified as a specific viral infec- 
tion which is transferred to the infant from 
a mother who has no overt evidence of the 
disease.** There is suggestive but incon- 
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clusive evidence that homologous serum 
hepatitis can be acquired by the fetus in 
utero.** The viruses which cause disease, 
especially of the upper respiratory tract, 
may infect the newborn infant.** Perhaps 
to some of them there may be transient pas- 
sive immunity from the mother. Eichen- 
wald** has demonstrated that such viruses, 
as for example the adenoviruses, may po- 
tentiate and act symbiotically with the 
Staph. aureus. That many other viruses may 
cause disease in the fetus and newborn in- 
fant is quite likely, and it can be expected 
that such evidence will be established as 
infections are more carefully investigated. 

No mycotic infection other than monili- 
asis** is known to be important in the neo- 
natal period, nor any protozoan other than 
toxoplasmosis.*" 


TIME OF ACQUISITION 
OF INFECTION 


Infection acquired in the immediate peri- 
natal period would seem to constitute the 
major problem of infection in the fetal and 
neonatal periods in this country at the pres- 
ent time. Infections may occur at any time 
in the embryonic, fetal, or neonatal pe- 
riods, however. It is essential that knowl- 
edge of the time of occurrence and mode 
of access of infection be established if at- 
tempts at prevention are to have any pos- 
sibility of being effective. The following 
classifications list the more important recog- 
nized infections which may occur during 
gestation, during birth (perinatal period), 
and in the neonatal period (first 28 days) 
arranged on the basis of preventability in 
relation to current knowledge: 


Infections acquired during gestation 


Preventable 
Syphilis Toxoplasmosis 
Tuberculosis Cytomegalic inclusion 
Residuals of rubella disease 
Poliomyelitis Listeriosis 
Pneumonia and/or sep- Myocarditis, viral 

sist Hepatitis, homologous 

serum 


Nonpreventable* 


*On basis of current knowledge. 
Usually secondary to premature rupture of membranes 
to interference with placental circulation. 





2 7 8 Nelson 


Infections acquired during birth* (immedi- 
ate perinatal period) 
Preventable 


Gonorrheal ophthalmia Herpes simplex 
Listeriosis 


Nonpreventablet 


Oral moniliasis 
Salmonellosis 
Pneumonia and or sep- 

sist 

*Most often from the mother who may be infected or 
who may be a carrier 

'On the basis of current knowledge 

tUsually secondary to premature rupture of membranes, 
to interference with placental circulation, or to prolonged 


and/or traumatic delivery 


Infections acquired after birth in the neo- 
natal period 


Staphylococcal infections 
Carrier state, skin lesions, pneumonia, otitis 
media, meningitis, osteomyelitis, diarrhea, gen- 
eralized sepsis 

E. coli infections 
Septicemia, omphalitis, pneumonia, diarrhea, 
and others 

Salmonella infections 
Septicemia, meningitis, osteomyelitis, and oth- 
ers 

Beta hemolytic streptococcal infections 
Occasionally responsible for disease in this age 
period 

Pneumococcal and H. influenzae infections 
Less frequent pathogenic agents than in sub- 
sequent months 

Tetanus 

Tuberculosis 

Viral infections 
Upper respiratory infections, pneumonitis, myo- 
carditis, generalized infections 


EARLY IDENTIFICATION 
OF ILLNESS 


Most pediatricians are aware of the 
varied patterns of clinical manifestations of 
disease in the newborn infant and the de- 
viations which there may be from the char- 
acteristic clinical patterns of the same disease 
in later infancy and childhood. It would 
appear, however, that they are often not 
sufficiently alert and/or that they fail to 
impress nursery attendants with the fact 
that what seem to be only minor deviations 
in the conduct of an infant, such as lack 
of vigor, poor eating, weak sucking, irrita- 
bility, somnolence, vomiting, loose stools, 
or simply failure to thrive, may be manifes- 
tations of serious infections. It would also 
seem that many general practitioners and 
obstetricians who care for newborn infants 
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are not sufficiently aware of the possible 
significance of such manifestations. The de- 
pendence placed upon alterations in the 
respiratory rate as suggested by Miller,” 


upon the arbitrary method of “retraction 
scoring” of Silverman and Anderson,*® and 
upon prolonged pulsations of the cord by 


Desmond and co-workers*’ as means of de- 
tecting infants with the so-called respira- 
tory and/or transitional distress syndrome, 
some of whom have pneumonia, is further 
evidence of the difficulties in diagnosis of 
disease in the newborn infant. 

It is not possible to go into an exhaustive 
consideration of differential diagnosis here, 
but it should be emphasized that any symp- 
toms or any combination of symptoms 
mentioned should result in examination of 
the infant for the possible presence of infec- 
tion. Such an examination must include eval- 
uation, especially for the possibility of pneu- 
monia, meningitis, and septicemia, and 
should include appropriate laboratory studies 
as well as clinical observations, and these 
should be obtained prior to initiation of any 
therapy. There may, of course, be more defin- 
itive manifestations than those mentioned 
as, for example, fever, jaundice, purpura, 
other skin lesions, and neurological signs. 

Fever may or may not be present with 
serious infectious disease, and at times may 
simply be a transitory manifestation of so- 
called “dehydration fever.” But in any in- 
stance it should indicate the possibility of an 
infectious disease. A sudden drop in temper- 
ature, especially in a premature infant, may 
be an indication of septicemia or other se- 
vere infection. 

Jaundice in the first day of life is most 
apt to be associated with hemolytic disease 
of the newborn, but at this time it may also 
be due to cytomegalic inclusion disease or 
to toxoplasmosis. Jaundice appearing after 
the first few days is a common manifesta- 
tion of septicemia, atresia of the bile ducts, 
so-called neonatal hepatitis, infectious hepa- 
titis, and herpetic hepatitis. 

Purpura may be a manifestation of neo- 
natal thrombocytopenia, but it may also be 
due to other diseases and especially to sep- 
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ticemia, cytomegalic inclusion disease, and 
toxoplasmosis. 

Neurological abnormalities may be a re- 
flection of anoxia or of cerebral trauma, but 
a variety of manifestations may also be 
noted in various infections such as septi- 
cemia, with or without meningitis, and es- 
pecially toxoplasmosis, cytomegalic inclu- 
sion disease, and listeriosis. 

One of the most important problems is 
the identification of infection which occurs 
in the immediate perinatal period. Such in- 
fections may be related to overt infection in 
the mother, but are more often associated 
with such natal disturbances as premature 
rupture of the membranes, especially asso- 
ciated with uterine inertia, interference 
with placental circulation, or other factors 
resulting in fetal anoxia, prolonged and/or 
traumatic deliveries, and nonsterile attempts 
at abortion in mothers who may or may 
not have evidence of infection. Infections 
at this time may be responsible for still- 
birth or for obvious illness at the time of 
birth, but often the manifestations of illness 
are not sufficient for diagnostic purposes o1 
are delayed for several days. In view of the 
high incidence of infection under such cir- 
cumstances, special diagnostic measures are 
indicated and therapy is warranted. The 
diagnostic measures employed are based on 
the probability of bacterial contamination 
of the amniotic fluid and of placentitis, 
which may occur with or without rupture 
of the membranes. Blanc*’ has advocated 
smears of the fetal surface of the placenta 
to determine if there is a predominance of 
polymorphonuclear leukocytes or a similar 
examination of centrifuged gastric contents 
of the infant. Bacterial cultures from the 
nasopharynx, axilla, and umbilical area 
may also provide useful information. Benir- 
schke and Clifford** have demonstrated 
that when examination of a frozen section 
of the cord immediately after birth discloses 
evidence of inflammation of the umbilical 
vein, it can be considered as presumptive 
evidence that the infant is infected and that 
therapy is indicated. McCredie Smith*** has 
presented limited evidence that maternal 
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pyrexia and/or persistent fetal tachycardia 
(160 per minute or more) for at least 10 
minutes may be evidence of fetal infection 
and justifies treatment of the mother prior 
to delivery and treatment of the infant im- 
mediately after birth. 

It is not the purpose here to discuss the 
treatment of infections in the newborn, but 
a word is in order regarding the establish- 
ment of a working policy for the manage- 
ment of infants born under circumstances 
in which there is an increased possibility of 
infection. In such instances one must have 
a high index of suspicion that the infant 
has acquired a significant infection. One or 
more of the diagnostic measures mentioned 
should be carried out and therapy should 
be instituted without awaiting the results 
of the tests. For the present such tests should 
serve primarily the purpose of obtaining 
correlative data. The antimicrobial agent 
or agents chosen should be effective, es- 
pecially against FE. coli and other gram- 
negative bacteria, since they are the most 
frequent invaders at this time. A word of 
caution is needed against the use of sul- 
fisoxasole (Gantrisin) in the premature in- 
fant** and of too high doses of chloram- 
phenicol.** It should be recognized that 
neither anticipatory treatment of the mother 
when labor is delayed after premature rup- 
ture of the membranes nor early and con- 
sistent treatment of the infant born under 
any of the above conditions has been as 
successful as might have been hoped. 

Infections after birth are usually acquired 
from hospital attendants, from other infants, 
or from contaminated equipment, and are 
most apt to be caused by the staphylococcus 
and other respiratory and enteric pathogens. 

Manifestations of illness in the post-hos- 
pital period. Infections acquired in the im- 
mediate postnatal period may not be mani- 
fest within the 4 or 5 day period now usual 
for postdelivery hospitalization. Infections 
acquired in the hospital, especially with the 
Staph. aureus, enteropathogenic E. coli, 
Salmonella, and various viruses may not 
become evident until after the infant has 
been sent home. When an epidemic is cur- 
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rent in a newborn nursery, infants who are 
discharged as apparently well should be 
watched carefully for signs of the onset of 
infectious disease so that treatment, if in- 


dicated, can be instituted promptly. 


THE NEONATAL INFANT 
AS A CARRIER OF DISEASE 


The infected infant must always be con- 
sidered as a potential cause of a nursery 
epidemic. This danger, although greater 
with some pathogens than with others, 
should be recognized for every infant with 
an overt or possible infection, and he should 
be maintained in strict isolation. In certain 
instances the infant may serve as a carrier 
with little or no evidence of infection. This 
situation may exist with a variety of mi- 
crobial agents which include enteropatho- 
genic E. coli, Staph. aureus, Salmonella, 
and certain viruses. 

The newborn infant who has no evidence 
of disease may also carry infection to other 
members of the family at home. This situ- 
ation is an important phase in the current 
epidemiology of staphylococcal infections. 
It is not unusual to find a variety of such 
infections among the members of the family 
of a newborn infant who is harboring staph- 
ylococci in the nasopharynx. The nursing 
mother of such an infant is particularly 
apt to develop a breast abscess. The infant 
himself may develop serious disease, e¢s- 
pecially pneumonia, weeks or months after 
having been discharged from the hospital. 


PROPHYLACTIC MEASURES 


Prevention of infection is the ultimate 
goal. Notable success has been attained in 
the reduction of syphilis and gonorrheal 
ophthalmia in the newborn infant by spe- 
cific means. Usually, however, preventive 
measures must depend on development of 
the resistive capacities of the newborn in- 
fant, the avoidance of premature birth, im- 
provement of obstetric practices, and the 
prevention of contact by the infant after 
birth with pathogenic agents. It would seem 
to be quite likely that the decrease in the 
neonatal mortality rate in this country from 
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44 per 1,000 live births in 1915 to 32 per 
1,000 live births in 1935 is largely attribu- 
table to these factors, and it may well be 
that a significant portion of the reduction 
in subsequent years may also be credited 


to them. 


PRENATAL CARE 


Several extensive studies** have indicated 
that mothers whose general state of health 
is good and whose nutrition and general 
hygiene are adequate during their preg- 
nancy have a much greater probability of 
carrying their infants to term than do 
women in less favorabie circumstances in 
these respects. Further, the child of the 
mother with the better health status has 
less morbidity and better developmental 
progress during early infancy. Obviously 
there are a number of variables related to 
the parents which may affect the newborn 
infant which include age, health, living 
conditions, general habits and the like, but 
it is clear that attention to the general hy- 
giene of the pregnant woman is important 
in improving the health status of her off- 
spring. In our hospital service there are 
significantly higher neonatal mortality rates 
among the infants on the ward than on the 
private service. It is probable that the 
general living conditions of the ward group 
are less satisfactory than are those of the 
private group, and that inadequate housing, 
poor nutrition, and poor personal hygiene 
may be important contributory factors. 
Many of the women in the ward group 
have no or inadequate prenatal care, many 
of them are unmarried; and attempts at 
abortion are not uncommon. These factors 
are being studied and will be reported upon 
subsequently. 


NOSOCOMIAL INFECTIONS 


As stated previously, the majority of in- 
fections acquired during the immediate 
perinatal period are from the mother. Sub- 
sequently, in the hospital, infections are ac- 
quired mainly from attendants, from other 
infants, and through such environmental 
sources as air conduction, humidifying ap- 
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paratus, and the like.** It is possible that 
the availability of effective antimicrobial 
agents is in part responsible for what ap- 
pears to be a general relaxation in attention 
to isolation procedures within newborn 
nurseries. Whatever the reason may be, it 
should be clear that hospitalization of the 
newborn infant is always potentially dan- 
gerous and that rigid isolation of each in- 
fant is of utmost importance. 

In order to lessen the likelihood of epi- 
demics among the newborn population of a 


hospital, small nursery units are preferable 


to large ones, and rooming-in on an indi- 
vidual basis with adequate nursing service 
should be even safer. When there are serious 
epidemics of infection within a hospital, in- 
fected and exposed infants should be iso- 
lated separately, and subsequently born 
infants should have no contact with them. 

Although universal prophylactic antimi- 
crobial therapy is to be avoided among 
newborn infants, when there are epidemics 
of serious infections with bacteria which are 
known to be susceptible to specific anti- 
biotics, as for example staphylococcal and 
enteropathogenic FE. coli epidemics, such 
therapy is indicated for the exposed infants. 


IMMUNITY 


In general, the newborn infant is more 
susceptible to infection and has less resistive 
capacities than the older infant or child. 
These differences are accentuated in the 
prematurely born infant. The newborn in- 
fant has the capacity to form antibodies, 
but less efficiently than the older infant. 
Huang,** for example, has demonstrated the 
relative inability of infants of 1, 2, and 3 
months of age to develop antibodies to a 
weak Vi antigen, in contrast to the ability 
of older infants to develop significant titers. 
To stronger antigens such as those of pertus- 
sis, tetanus, and diphtheria, the newborn 
infant does develop antibodies but to a 
lesser extent than the older infant.** 

Transplacental transfer of antibodies oc- 
curs, but appears to be selective. If the 
mother has had measles, diphtheria, or 
poliomyelitis, for example, sufficient trans- 
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fer of antibodies usually occurs to protect 
the infant from the respective infection for 
several months. To certain pathogens, as 
for example H. pertussis and enteropatho- 
genic E. coli, transfer of antibodies appears 
to be limited. 

At birth the serum level of gamma globu- 
lin in the newborn infant is equivalent to 
that of his mother and is attained by pas- 
sive transfer. The infant is unable to pro- 
duce an effective quantity at this time. The 
serum store of the neonatal period is de- 
pleted during the first few months, and by 
1 or 2 months the serum level is significantly 
lowered.** At about this time there is evi- 
dence of active formation of gamma globu- 
lin, but adult serum levels are not attained 
for some months. The premature infant has 
lower serum levels of gamma globulin than 
does the full-term infant, the levels appar- 
ently being proportional to gestational age.*° 
What value there may be in supplying ad- 
ditional gamma globulin as a_ protective 
device against infection in the human or 
as an adjunct to therapy is yet to be de- 
termined. In the young mouse relatively 
large amounts of gamma globulin appear to 
increase the ability to compete with bacterial 
pathogens.*’ 

The properdin system appears to be com- 
parable in the newborn infant to that of the 
older infant and child, and there is no 
temporary decrease of the properdin level 
during the first few months of life as there 
is of gamma globulin. Although it seems 
likely that properdin provides effective sup- 
port in combating infection, actual demon- 
stration of it is lacking.** 

In 1910 Tunnicliff** demonstrated that 
the leukocytes of infants had less phagocytic 
capacity than those of children and adults. 
Subsequently this observation was confirmed 
by others. Recently, however, Gluck and 
Silverman** concluded from their observa- 
tions that the differences observed between 
full-term newborn infants and adults in this 
respect were not clearly significant. They 
did, however, find significantly less phago- 
cytic capacity in the leukocytes of prema- 
ture infants than in those of full-term ones, 
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and demonstrated that the deficiency oc- 
curred in the alpha and beta globulin frac- 
tions of the serum. They have postulated 
that adult serum may be beneficial in allevi- 
ating this defect in the premature neonate 
and are testing their assumption. Still more 
recently, Edwards and associates** who 
worked with newborn infants (not stated 
but presumably full term) have also ob- 
served deficiencies in phagocytosis. They 
concluded from their data that cord serum 
is relatively deficient in a heat-stable factor, 
and that the heat-stable fraction of maternal 
serum enhances phagocytosis by cord leuko- 
cytes. 

The studies mentioned relative to the 
effects of maternal nutrition and health 
upon the status of the infant at birth® are 
strongly suggestive that these factors may 
contribute in some way or ways to the in- 
fant’s capacity to compete with untoward 
environmental influences including infection. 
Further support to such a generalization is 
provided by lowered fertility, increased rates 
of premature births, higher rates of neonatal 
infection, and higher infant mortality rates 
in war-torn or underprivileged populations. 
Experimentally there have been a_ good 
many studies designed to test the relation of 
dietary factors to the capacity of the host 
to resist infections. In oversimplification, it 
might be generalized that good nutritional 
status is favorable to resistance against bac- 
terial infections, but that certain dietary 
deficiencies may in some instances be an 
asset in competing with viral infections.“ 
This latter assumption predicates that the 
virus, an intracellular obligate, may be de- 
nied certain essential foodstuffs. 

Another factor which may have a bear- 
ing on the newborn infant is parental age 
at the time of conception. Data in this 
regard are fragmentary, and of those avail- 
able most pertain to maternal influences 
and most to structural deformities of the 
fetus rather than to capacity for resistance 
to infection.* 

Methods for augmenting the immune 
capacity of the newborn infant and es- 
pecially of the prematurely born obviously 
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could be of great importance. It can be 
hoped that investigative efforts now under 
way and those to be undertaken will pro- 
vide means for effectively strengthening the 
neonate’s resistive capacities. 


AVOIDANCE OF 
PREMATURE BIRTH 


Mechanisms by which maternal or other 
influences can augment or diminish the 
natural resistive capacities of the fetus or 
of the newborn infant are not clear except 
in one regard. Jt is inordinately clear that 
the one unquestioned helpful contribution 
the mother can make is to maintain the 
fetus in utero to term. 


AVOIDANCE OF 
IATROGENIC DISEASE 


There is one cardinal rule in medicine, 
to do no harm. The physician in his zeal 
to assist the sick newborn infant must take 
great care that his efforts do not violate 
this rule. Within recent years we have 
witnessed three therapeutic catastrophes: 
the hyperbilirubinemia and resultant kern- 
icterus resulting from the administration of 
sulfisoxasole to premature infants** and of 
large doses of vitamin K especially to pre- 
mature infants,** and the recently described 
“gray syndrome” resulting in death of new- 
born infants receiving large doses of 
chloramphenicol.** 

It is a good rule that one employs no 
therapeutic procedure without careful con- 
sideration and with good reason. 


SUMMARY 


Carefully conducted postmortem studies 
in relatively large series of stillborn fetuses 
and of infants dying in the neonatal period 
indicate that infection is a much more fre- 
quent primary cause of death than is indi- 
cated by vital statistics. Furthermore, in an 
even greater number of infants whose pri- 
mary cause of death is attributed to some 
other disturbance, infection is present exert- 
ing a variable role as a contributory cause 
of death. 

Further reduction in perinatal mortality 
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resulting from infection should be a distinct 
possibility and could be responsible for a 
significant decrease in the total mortality 
rate in this age group. 

It is evident that attention to a variety 
of factors is essential for the reduction of 


deaths due to infection in the perinatal 
period and that reliance mainly on anti- 
biotic prophylaxis or therapy is not suf- 


ficient. These factors include improvements 
in the nutrition, hygiene, and health of the 
pregnant woman, a decrease in the inci- 
dence of premature births, a high index of 
suspicion of the possible presence of infec- 
tion in infants born after premature rupture 
of amniotic membranes or prolonged or 
traumatic labors, and a return to rigid iso- 
lation techniques within maternity wards 
and nurseries. 

The roles of natural and artifically in- 
duced immunity deserve continued and in- 
creased investigation. At the moment it is 
clear that the premature infant is deprived 
of immune factors from the mother which 
significantly reduce his capacity to compete 
with infection. 


The assistance of Drs. Nancy N. Huang and 
James B. Arey in the preparation of this paper 
is acknowledged. 
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RECENT publications dealing with the 
problem of perinatal mortality have empha- 
sized that real progress in reducing neonatal 
deaths, particularly deaths in the first week of 
life, has been slight. The leading causes of 
death during this period are (1) immaturity, 
37 per cent; (2) postnatal asphyxia and 
atelectasis, 26 per cent; (3) congenital mal- 
formations, 12 per cent; and (4) birth in- 
juries, 10 per cent. Of particular interest to 
our group was a quotation which included 
the following statement: “Congenital mal- 
formations account for 12 per cent of the 
neonatal deaths and 26 per cent of the post- 
natal deaths. Little is known of the factors 
operating in the causation of these aberra- 
tions in development or function.” 

In attempting to understand the factors 
that may arrest or distort the development 
of the fetus in utero or shortly thereafter, 
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one is impressed with the complexity of the 
problem, and is aware that in such develop- 
mental arrests many factors are involved, 
genetic, prenatal, postnatal, dietetic, cli- 
matic, and sociocultural. More and more at- 
tention is being given to the general subject, 
an antenatal phase of pediatrics, an area 
which merits more intensive study. A state- 
ment in the “Report on the Conference on 
Perinatal Mortality” held at The New York 
Academy of Medicine, Oct. 29, 1957, empha- 
sized the point as follows: “The safe, normal 
development of the embryonic plate from 
the sixth to the twelfth week of intrauterine 
life is probably the greatest and most im- 
portant biological factor in the life blood of 
this nation. Therefore, scientific care and 
attention to the health of the pregnant 
woman during this period cannot be given 
too much emphasis.”* 

Certain congenital defects, such as poly- 
dactyly, hemophilia, spherocytosis, and phen- 
ylketonuria, can be explained on a genetic 
basis, while other defects are accounted for 
on a clearly environmental basis, such as 
radiation of the fetus, maternal infection 
with rubella, toxoplasmosis, salivary gland 
virus, etc., and maternal treatment with 
agents such as the folic acid antagonists. 
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During the past few years, our group has 
been interested in the use of the developing 
chick embryo for a study of certain aspects 
of teratology. Our initial studies dealt with 
viral effects on the developing chick em- 
bryo.* Viruses studied for their teratogenic 
effects included influenza A, Newcastle dis- 
ease virus, and mumps, all members of the 


myxovirus group. These viruses produced 


quite different effects when inoculated in 


high titer in young chick embryos under simi- 
lar experimental conditions. Influenza A, 
within 24 hours, produced axis twists and 
collapsed encephalon, as well as_ specific 
changes in development of the lens, auditory 
vesicles, or neural tube. Newcastle disease 
produced only specific changes in the lens, 
auditory vesicles, and neural tube within 24 
hours. however, inoculated in 
equally high titer, produced, within 24 hours, 


no grossly observable defects. Only after 72 


Mumps, 


hours were mild axis twists and lens opacities 
observed. Although these different effects 
may reflect fundamental differences in cell- 
virus relationships, the slower growth of 
mumps virus, as observed in older embryos, 
may constitute another factor. A review of 
the results of virus-induced defects in chick 
embryos indicates that viruses that produce 
the most severe defects also produce rapid 
death when inoculated into early embryos. 
On the other hand, the mumps virus, pro- 
ducing relatively mild defects, permits much 
longer survival of the embryos. This is 
in agreement with the impression that, in 
the human, the more virulent maternal in- 
fections tend to produce early abortion, 
whereas milder infections may permit sur- 
vival of a congenitally defective infant. In 
general, the virus effects on the develop- 
ing chick embryo were influenced by the 
concentration of virus in the inoculum, the 
accessibility of susceptible cells to the virus, 
and the stage of development of the pri- 
mordial structures. The exposed organs in 
which cellular proliferation and differentia- 
tion are active proved susceptible to the 
virus effect. Many virus inoculated embryos 
with striking organ defects were noted to 
develop to the same stage of gross morpho- 
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logical differentiation as control embryos. 

More recently, we became interested in 
the possibility of using the chick embryo as a 
means of detecting the cancer chemothera- 
peutic activity of unknown compounds, pos- 
sibly a screening measure in the field of 
broader cancer chemotherapy. In the course 
of our studies, however, several interesting 
observations have been made concerning the 
effect of known cancer chemotherapeutic 
agents on the development of early embry- 
onate eggs. The results obtained in these 
chemotherapeutic studies provided an oppor- 
tunity to compare the effects of viruses on 
developing chick embryos with those of sev- 
eral types of cancer chemotherapeutic agents. 

The chemotherapeutic agents selected for 
study included (1) cytotoxic agents: nitro- 
gen mustard [methyl-bis (8 chloroethyl) 
amine hydrochloride], triethylene melamine 
(TEM), and urethan (ethyl carbamate) ; 
2) antimetabolites: Aminopterin, 8-azagua- 
nine, and 6-mercaptopurine; (3) an anti- 
biotic, azaserine®; and (4) a steroid, hydro- 
cortisone. The cytotoxic group includes the 
alkylating agents. The antimetabolite group 
included the folic acid antagonists which 
have been of importance in the field of 
cancer chemotherapy. Since folic acid, or 
pteroylglutamic acid (PGA), is a vitamin 
which is essential for the growth of many 
normal cells, a folic acid antagonist, such as 
4-amino-pteroylglutamie acid, or Aminop- 
terin, can be used to create a state of folic 
acid deficiency, which interferes with the con- 
version of folic acid to folinic acid. Since 
folinic acid is necessary in the synthesis of 
purines and pyrimidines, antifolics block syn- 
thesis of nucleic acid and thereby inhibit cell 
growth. In the case of the treatment of leu- 
kemia, it has been pointed out that a rela- 
tively mild folic acid deficiency, insufficient to 
injure normal cells, may be sufficient to dam- 
age severely the leukemic cells.* In the studies 
undertaken with the chick embryo, the folic 
acid antagonists were used in varying 
amounts so that many of the rapidly divid- 
ing embryonic cells were severely damaged 
by the antifolic agents used. 6-Mercapto- 
purine is also an antimetabolite which pre- 
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sumably interferes with the incorporation of 
purine, nucleosides, or nucleotides into nu- 
cleic acid. Here the mechanism differs from 
that of the antifolic acid in that the purine 
antagonists interfere with de novo synthesis 
of purines and pyrimidines. 8-Azaguanine is 
also an antipurine. Azaserine, O-diazoacetyl- 
L-serine, an analogue of serine, is derived 
from a strain of streptomyces, and presum- 
ably it interferes with the de novo synthesis 
of purines as well as with the incorporation 
of purines, nucleosides, or nucleotides into 
nucleic acid. Hydrocortisone exerts its action 
as an inhibitor of growth of certain meso- 
dermal structures. 

The chemicals used in these experiments 
were supplied in pure form by the Cancer 
Chemotherapy National Service Center, with 
the exception of the sodium chloride and 
ethyl carbamate which were obtained from 
Eastman Organic Chemicals. 

Fertile eggs with an incubation period of 
48 hours were used in most of the experi- 
ments. The chemicals were inoculated in 
varying concentrations directly over the de- 
veloping blastoderm, utilizing the techniques 
which had been developed in the viral stud- 
ies (Fig. 1). The chemicals were prepared 
for inoculation by solution or suspension in 
saline, buffered at pH 8.0. All were soluble 
in saline except 6-mercaptopurine which 
had to be ground to a fine consistency in a 
Ten Broeck tissue grinder, and was used in 
the form of a suspension. The chemical com- 
pounds to be tested were not sterilized be- 
cause of the possibility of alteration by the 
sterilization process. Addition of antibiotics 
was omitted also in order to avoid any addi- 
tional variables. Broth cultures made of all 
inocula, and of eggs where contamination 
was suspected, revealed no evidence of bac- 
terial contamination, however. 

The eggs which had been incubated 48 
hours were inoculated with 0.05 to 0.1 ml. 
amounts containing the required dosage. The 
embryos were observed in situ, and were 
studied at 24 and 72 hours after inoculation. 
Since different settings of eggs often differ 
from one another in the mean stage of de- 
velopment achieved within a given period of 
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Fig. 1. Technique of inoculation of chick embryos 
of approximately 48 hours’ incubation. (From 
Williamson, Blattner, and Robertson: J. Immunol. 
71: 207, 1953.) 


incubation, a portion of each setting of eggs 
was inoculated with saline so as to secure a 
comparative evaluation between the eggs in- 
jected with chemicals and those injected 
with normal saline. In this way nonspecific 
teratogenic influences could be detected. The 
pH of the control saline was 8.0, except in 
the experiments with nitrogen mustard and 
Aminopterin, since it was observed that solu- 
tion of these compounds brought the pH of 
the inoculum down to 7.0. Accordingly, the 
control saline solution was adjusted to a pH 
of 7.0 in this group of experiments. Such 
alteration in the pH of control solutions did 
not seem to be of importance in the produc- 
tion of abnormalities in the chick embryos. 
The eggs were harvested at 24 and at 72 
hours after inoculation, and were fixed, 
stained, and studied in vitro. The whole em- 
bryos were stained overnight in dilute alum 
cochineal and cleared in xylol or methyl ben- 
zoate for examination under the dissecting 
microscope. 
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Table I. Comparison of effective dose range of compounds producing teratogenic 
changes in chick embryos inoculated at 48 hours’ incubation 


Dilution of maximum dose at which changes 
are still observed 


General General 


developmental growth 
retardation inhibition 


Hours after | 
inoculation | Maximum dose* Specific 
used mg./egg defects 


5.0000 1-25,000 1-400 1-400 
0.0016 1-16 1-16 1-16 
8.0000 Negative Negative Negative 
5.0000 1-50 1-10 1-50 
20.0000 1-8 1-8 
2.0000 
0.1300 
0.0120 
0.1300 
0.0008 
0.0250 
0.0130 
10.0000 
10.0000 
45.0000 
30.0000 I 
10.0000 
5.0000 


Dose at which 25 per cent or more of the embryos are alive at harvest 


Compound at harvest 
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RSSULES interfere with the development of the em- 


An initial and important problem in carry- bryo. This proved to be true in the case of 


ing out these experiments was determination 
of the dose to be used for a given chemical 
agent. Generally, a rough preliminary screen- 
ing over a wide range of dosages was made 
first, and later a more exact study was car- 
ried out within the limits of the effective dose 
range. An arbitrary maximum was set at the 
dose at which at least 25 per cent of the em- 
bryos were noted to be alive at the time of 
harvest, that is at 24 and 72 hours, and the 
minimum dose as that at which at least 25 
per cent of the embryos were either specifi- 
cally abnormal or visibly smaller than the 
controls, or the mean stage of development 
for the inoculated group was at least one 
stage below that of the control group. Table 
I shows a comparison of the effective dose 
range of compounds producing teratogenic 
changes in chick embrvos inoculated after 48 
hours of incubation. The considerable dif- 
ficulty encountered in selecting a proper dose 
range led to the suggestions that any com- 
pound inoculated in sufficient quantity might 


all the drugs studied. In some instances very 
large doses had to be injected before defects 
in development occurred. This was particu- 
larly apparent in studies with urethan, methyl 
carbamate and salt. On the basis of these ob- 
servations, however, it appeared definite that 
some of the drugs were decidedly more dele- 
terious than others. This difference seemed 
to be related to the range of effective sub- 
lethal doses and the correlated degree of the 
developmental disturbances at sublethal 
doses. 

In attempting to analyze the abnormalities 
produced by the various agents used, it 
seemed clear that, in general, there was re- 
tardation or abnormal differentiation of the 
encephalon, that there was considerable so- 
mite damage, that there was retarded de- 
velopment of the eye, either of the optic cup, 
or the lens, or both, that there was retarded 
or abnormal differentiation of limb buds, 
and, that in some instances, there was dam- 
age to the auditory primordia. All of the 
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Fig. 2. Three-day embryos. Left, control; right, nitrogen mustard inoculated at 48 hours’ 
incubation. (x11; reduced 4%.) 


Fig. 3. Five-day embryos. Left, control; right, Aminopterin inoculated at 48 hours’ incubation. 
(x6; reduced %.) 
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Fig. 4. Five-day embryos. Left, control; right, Aminopterin inoculated at 48 hours’ incubation. 


(x6; reduced 4%.) 


drugs studied produced all these defects in 
varying degrees (Figs. 2-6). There were, 
however, some minor differences which 
seemed to indicate that certain drugs inter- 
fered with the development of certain por- 
tions of the embryo. These findings, gross and 
microscopic, are shown in Table II which 
summarizes the relative susceptibilities of 
various structures in 48 hour chick embryos 
treated with critical doses of 6 antitumor 
compounds. Changes in the developing brain 
were of particular interest. The midbrain and 
forebrain appeared to be more susceptible to 
retardation at the stages inoculated than the 
hindbrain. With 6-mercaptopurine, the mid- 
and forebrain were often retarded at the 


simple tubular stage with the more normal 


hindbrain ballooning out, which gave the 
embryo a cobralike appearance. In the case 
of hydrocortisone treatment, the developing 
cephalic structures did not seem normal on 
gross inspection, but rather appeared deflated 
as if part of the cerebrospinal fluid had been 
lost. Two of the drugs, Aminopterin and 8- 
azaguanine, produced a curious cystlike bleb 
on either side of the neural tube. With hydro- 


cortisone, changes in the limb buds, retarda- 
tion in development, and abnormal morphol- 
ogy gave them the appearance of being 
pointed, or of having irregular outlines. The 
teratogenic effects brought about by the sub- 
stituted serine, azaserine, included general 
growth inhibition and general developmental 
retardation, as well as the more specific 
retardations in the development of the en- 
cephalon, of the optic cup, and of the lens 
vesicle. In those cases in which the embryos 
receiving 6-mercaptopurine, nitrogen mus- 
tard, or azaserine were allowed to continue 
deveiopment, a significant number of em- 
bryos in each group showed severe growth 
abnormalities. These embryos were followed 
and examined at intervals from 3 days post 
inoculation to the time of hatching. No gross 
changes were observed when control inocula- 
tions were made with saline solution or with 
unsubstituted L-serine.® 

In studies of this type which use mice and 
rats, mouse and rat fetuses have been shown 
to be very sensitive to folic acid deficiency, 
and such a deficiency can be induced rap- 
idly by a potent antagonist. Thiersch® de- 
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scribed the use of the folic antagonist, 4- 
aminopteroylglutamic acid (Aminopterin) , as 
an agent for inducing therapeutic abortion in 
12 human subjects, all of whom had valid 
medical reasons for abortion. Fetal deaths 
and spontaneous abortion occurred in 10 pa- 
tients; in the other 2 women, the drug failed 
to induce fetal death, and the uteri were 
evacuated surgically. In both these instances, 
live fetuses with malformations resulted. In 
one instance, the cranium was observed to be 
enlarged, hydrocephalic, and collapsed. In 
the other instance, examination of the fetus 
revealed the presence of a cleft palate and 
cleft lip. Examination of the aborted fetuses 
showed that the 4 small fetuses could barely 
be recognized as they appeared to be 
shrunken and abnormally transparent. The 
3 older embryos showed malformations, one 
with hydrocephalus, one with meningoen- 
cephalocele, and one with cleft palate with 
cleft lip. The pathologic lesions found in the 
younger fetuses consisted of depression of 
hemopoiesis and necrosis of the liver, adre- 
nals, and intestinal epithelium. In 1956, 
Thiersch® reported results in 12 additional 
patients treated with Aminopterin. In 6 of 
these patients abortion failed to result, and in 
1 case the fetus continued to term after ther- 
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Fig. 5. Nine-day embryos. Right, normal control; 
left, nitrogen mustard inoculated at 48 hours’ in- 
cubation. 


apeutic abortion in the first month of preg- 
nancy had been attempted by means of 12 
mg. of Aminopterin. This infant had anen- 
cephaly, and lived for 12 days. In a report 
by Meltzer,’ a case is described in which the 


patient received Aminopterin orally during 
the first trimester of pregnancy. Although 
bleeding occurred intermittently to about the 


Table II. Relative susceptibilities of various structures in 48-hour chick embryos 


treated with critical doses of 6 anti-tumor agents 


Per cent of abnormal embryos in which structures are involved 





| 


| 


Dose Neural Aud. 
| vesicles 


Agent (mg.) tube 


Meso- | Overall 


l 
| 
dermal | general 
ios 
| Lens | Visceral | \structures|degenera- 
te! 
tion* 


vesicles | arches | Somites | generally 





0.025- 100 
0.05 
8-Azaguanine 0.025 100 
Azaserine 0.05 100 
6-Mercaptopurine 0.16 100 
Nitrogen mustard 0.025- 100 
0.045 

0.012 100 


Aminopterin 


Triethylene melamine 


Over-all average per cent of ab- 
normal embryos with structures 
involved 100 





40 100 100 90 30 
27 100 27 
67 83 : 17 
86 86 14 
78 89 - 67 


100 100 : 45 


52 76 93 72 33 





*Over-all general degeneration of some embryos and not others indicates that a dose level in the critical range plus 


critical time of harvesting has been employed. 


The general order of susceptibility of structures of the 


as follows: (1) neural tube, (2) somites, (3) branchial arches, 


arch mesoderm, (5) lens vesicles, and (6) auditory vesicles. 


48-hour chick embryo to critical doses of anti-tumor agents is 


(4) general mesoderm, other than somite and branchial 
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Fig. 6. Fourteen-day embryos. Left, normal control; right, 6-mercaptopurine inoculated at 48 


hours’ incubation 


24th week of pregnancy, an infant, 7 pounds, 
1 ounce in weighi, was delivered. This infant 
showed congenital left talipes-equinovarus 
and multiple anomalies of the skull. The im- 
pression was that the infant had craniosynos- 
tosis of the lambdoid sutures and liicken- 
schddel of the occipital bone. It was the opin- 
ion of the author that the Aminopterin ad- 
ministered contributed to these abnormalities. 
In a recent paper by Warkany,* an attempted 
abortion with Aminopterin is reported. In 
this case report, the mother had attempted 
abortion by taking Aminopterin during early 
pregnancy, but without success. She ingested 
24 0.5 mg. tablets at the rate of 2 tablets per 
day from Dec. 8 until Dec. 19. The infant, 
carried to term, lived for 29 hours. This baby 
showed intrauterine growth retardation, cra- 
nial dysostosis, posterocleft palate, mandib- 
ular hypoplasia, and anomalies of the ears. 
It was the feeling of the author that this un- 
usual syndrome was caused by ingestion of 
Aminopterin which interfered with normal 
fetal development in the third month of ges- 


tation. 


SUMMARY 


Cancer chemotherapeutic agents tested in 


young chick embryos for their teratogenic 


effects, by inoculation over the blastoderm, 
produced profound changes in development 
of the embryos. Findings reported in the hu- 
man subject in which an antifolic acid sub- 
stance, Aminopterin, was used for abortion, 
lend support to the impression that cancer 


chemotherapeutic agents do have a profound 


effect upon embryonic tissue, and are of value 
in studying the pathogenesis of congenital 


malformations. 
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Transvestism in children 


Harry Bakwin, M.D.* 


NEW YORK, N. Y. 


Tue term “transvestism” is applied to 
individuals who repeatedly dress up in the 
clothing of the opposite sex. It has been 
observed throughout the ages and in all 
cultures. Though not infrequent in child- 
hood, it is generally disregarded by pedia- 
tricians. 

Transvestism is to be distinguished from 
sexual inversion which is a much broader 
term and refers to “the identification with 
and adoption of the psychologic identity of 
the opposite sex.”' According to Brown,’ ? 
this process probably takes place uncon- 
sciously and early in life; only later, as the 
child matures, does he gradually come to 
consciously accept the deviant sex role as 
an integral part of himself. 

The term “homosexual,” in connection 
with human behavior, is applied to sexual 
relations, either overt or psychic, between 
individuals of the same sex.* The essential 
deviation is in the choice of a love object. 

Transvestism, sexual inversion, and ho- 
mosexuality are independent phenomena. 
Much confusion is due to failure to keep 
this distinction clearly in mind. Only a 
small percentage of adult transvestites are 
homosexual in their physical relationships. 

An excellent review of transvestism has 
recently been presented by Lukianowicz.* 


From the Department of Pediatrics, New York 
University, Bellevue Medical Center. 


*Address, 132 East 7ist St., New York 21, N. Y. 


SYMPTOMS 


Transvestism is more common in child- 
hood than later in life. The frequency in 
adults is difficult to determine because most 
adult transvestites carry on their activities 
only in private, although some of them wear 
feminine items under their outer masculine 
clothes. 

The incidence of transvestism is much 
higher among boys than girls. They dress 
up in women’s clothes, usually their moth- 
ers’, at every opportunity; they experiment 
with cosmetics; they posture like girls. Dolls 
are preferred to boys’ toys and girls are 
chosen for playmates rather than boys. They 
often say they would like to be girls. 

The deviant behavior is usually first 
noticed in the fourth year of life but it 
probably begins earlier. The children appear 
normal in physical appearance and general 
demeanor. The parents show no uniformly 
unusual characteristics. A history of the 
parents having preferred a girl was not 
obtained in any of the 7 patients we have 
observed. The following case histories are 
characteristic. 


CASE REPORTS 


Martin was seen at the age of 5 years, 
5 months. His mother presented the follow- 
ing notes: “He attended nursery school at 
3% years. I was concerned over the fact 
that he primarily desired to play with the 
doll and bathe her, as opposed to the wheel- 
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barrow or wagon. At 4 years he showed 
aptitude for rhythm, singing, and dancing. 
He plays only with girls and will not use 
the gymnasium. At one time he was fond 
of the kitchen, water, pots and pans. He 
dressed up in a blue veil. He says, ‘I want 
to be a bride.’ This theme was repeated 
many times over a period of 6 months. 

“He often says he wishes he were a girl. 
When asked why, he answers so that he 
could whirl around in a skirt and dance. 
He likes to play with jewelry, lipstick, per- 
fume. Last year he dressed up in high heels 
and a robe. He affects a hip-swinging gait. 
He always wants my shoes, slips, night- 
gowns.” 

Martin was the older of 2 children, the 
younger being a girl of 3 years. There was 
nothing notable in the birth, personal his- 
tory, motor and mental development, or ill- 
nesses. There were no somatic complaints. 
Physical examination was negative. He had 
been a nail biter and an eye blinker but 
these habits had disappeared. He still 
sucked his thumb at bedtime. He was pleas- 
ant and easygoing. He liked children and 
they liked him. 

The mother did not recall wanting to 
have a girl or encouraging Martin in his 
feminine propensities. 

Louis, 6 years old, had shown “effeminate 
behavior” since he was 3 years old. He had 
an extreme desire to imitate girls. He fre- 
quently dressed in his mother’s clothes and 
put on her jewelry. He danced a hula-hula 
like a professional and said he wanted to 
be a ballet dancer. He liked to imitate 
television shows. He often said to his 
mother, “I am not your boy friend, I am 
your girl friend.” At 6 years he concealed 
his transvestism from visitors and from his 
father who sharply disapproved. 

Louis was a well-built, alert, attractive 
boy. He preferred his mother and often said 
that he did not like his father. He was not 
a fighter but he was a leader among his 
friends. 

He was the youngest of 3 children. The 
two older girls, 13 and 15 years of age, 
respectively, had been sent away to school 
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because of friction with their father. The 
father was a successful businessman, overly 
domineering with the children. The mother 
was a mild-mannered person. She had 
studied for the theater and still engaged in 
amateur theatricals. 

George, 5 years and 8 months old, was, 
according to his mother, very effeminate. 
He dressed up in her clothes, especially 
underwear, pajama tops, slips, nightgown, 
girdles, and stockings. He tried to use 
cosmetics, he loved to do ballet dancing, he 
preferred dolls to boys’ toys. The father 
noticed this behavior since George began to 
walk; the mother had been concerned about 
it for the past 2 years. 

When asked whether it was better to be 
a boy or a girl he answered “a girl” readily, 


the reasons being that girls wear pretty 
clothes, have long hair, are prettier and 
cleaner than boys. 

He was described by his mother as ex- 
tremely jealous of his younger brother, self- 


ish, sneaky, and frequently lying. He was 
uncooperative at school. He got along well 
with his father. 

The mother asserted that she had not 
preferred a girl. When she first noticed the 
effeminate behavior, she was angry. She 
never encouraged the effeminate behavior 
but the grandmother, who was with the boy 
a great deal, might have. 

At 7 years, 4 months of age, the mother 
reported that the transvestism and other 
effeminate behavior had disappeared en- 
tirely. 

The following is a case history of trans- 
vestism in a girl: 

Beatrice, 11 years old, had been com- 
plaining of abdominal pain on and off for 
2 years. The pain was sometimes present 
on arising in the morning, but it might oc- 
cur anytime during the day. It had no re- 
lation to eating. At times it was so severe 
that she had to lie down. Occasionally 
nausea accompanied the pain. The appetite 
was excellent, bowels were normal, and 
there had been no vomiting. The pain oc- 
curred principally on school days and was 
worse on Tuesdays. 
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She did well at school and had many 
friends. ‘The physical examination was nega- 
tive as was the roentgenographic examina- 
tion of the gastrointestinal tract. She was 
talkative and friendly. 

As long as the parents could remember, 
Beatrice had wanted to be a boy. She 
refused to play with dolls, preferring boys’ 
games. She dressed in boys’ clothes when- 
ever possible and was unhappy when she 
had to wear dresses to go to school. 

She said she wanted to be a boy because 
boys were freer than girls. When asked to 
draw a person, she drew a male figure. She 
wanted to be a writer. 

She was given a placebo and, on return, 
her pain was greatly relieved. Her mother 
said she had discovered why the pain was 
worse on Tuesdays: The sewing class met 
on this day and Beatrice resisted partici- 
pating in a feminine activity. 

Three years later, when Beatrice was 14 
years old, the entire picture had changed. 
She was feminine in her dress, manner, and 
interests. Menstruation had begun 2 years 
earlier and was now regular and symptom- 
less. Her mother said she was no longer 
concerned about Beatrice’s masculine be- 
havior. 

Three cases of transvestism in boys were 
described by Friend and co-workers,*® in 2 
of which the deviant behavior was first 
observed at 1% years of age. Bremner,*® in 
discussing Friend’s paper, mentions a boy 
whom she had observed with transvestism 
at 5 or 6 vears of age. She states that at 9 
years he was “frankly homosexual” and an 
exhibitionist. Twelve of the 23 homosexual 
children described by Bender and Paster’ 


were transvestites. 
ETIOLOGY 


Brown! attributes transvestism to condi- 
tioning experiences in early life. The child, 
during the first 2 or 3 years of life, is ac- 
cidentally or intentionally exposed to the 
experience of wearing and fondling the 
clothes of the other sex. This permits an 
imprinting type process to take place in 
which the child is conditioned to clothes of 
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the opposite sex and, hence, he acquires a 


strong preference for them. He is given 
extra attention and praise by the parent for 
this behavior. In some instances a young 
boy is punished by being forced to wear 
feminine clothes and, in this way, he be- 
comes conditioned to them. 

Brown states, further, that the typical 
pattern is one in which the parents, gen- 
erally the mother, especially wanted a girl 
rather than a boy or, for some reason, were 
disappointed in a male offspring. As a 
result, a feminization process is carried out 
by the mother who provides the boy with 
feminine clothes and proceeds to rear him 
as a girl. The father under these circum- 
stances usually has little contact with his 
son. He may reject the boy and, in turn, 
be intensely disliked by his son or he may 
be markedly dominating, with the mother 
overprotecting the boy. 

In our cases it was not possible to elicit, 
with any consistency, a history of the family 
attitudes described by Brown. 

According to the speculations of Kinsey 
and co-workers,* transvestism may arise in 
several ways: There may be an erotic at- 
traction for the opposite sex. For example, 
a man is so attracted to women that he 
wishes to be identified with them, to have 
sexual relations with them, and to live 
permanently with them, just as two women 
might live together. 

In other instances transvestism depends 
upon an individual’s violent reaction against 
his or her own sex. Under these circum- 
stances, he may or may not be attracted 
to the opposite sex. If he is attracted, he 
will seek heterosexual relations. However, 
the male transvestite may idealize women 
to the point where the idea of having sexual 
relations with them is offensive and he is 
left without any opportunity for sexual 
contacts. 

Other transvestites wish to be identified 
with the opposite sex because they are ho- 
mosexual and because they hope to attract 
members of the same sex for sexual rela- 
tions. This would not apply in the case of 
transvestism in the young child. 
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Sometimes transvestism arises out of a 
fetishistic interest in the clothes of the op- 
posite sex. Fetishism refers to sex arousal by 
parts of the body far removed from the 
genital area, e.g., hair on the head, the feet, 
and the like, or even objects entirely re- 
moved from the partner’s body, like clothing 
especially underclothing), furniture, types 
of drapery. Fetishism is almost exclusively 
limited to males. 

Finally, many cases are associated with 
sadomasochism. The masochistic male 
wishes to be identified as a female so that 
he can be subjugated as males might, con- 
ceivably, subjugate a female. 

According to Kinsey and _ co-workers,° 
transvestism depends very largely on the 
individual’s capacity to be conditioned psy- 
chologically. They state that the much 
greater frequency in males is due to their 
greater liability to be conditioned by their 
sexual experience. 

Illuminating are the observations of 
Money, Hampson, and Hampson* * 
sex attitudes of 105 hermaphrodites of dif- 
ferent diagnostic varieties. They found that 


on the 


the sex of assignment and rearing is con- 
sistently and conspicuously a more reliable 
prognosticator of a hermaphrodite’s gender 
role and orientation than is the chromosonal 
sex, the gonadal sex, the hormonal sex, 
the accessory internal reproductive mor- 
phology, or the ambiguous morphology of 
the external genitals. In less than 5 per cent 
of the cases was the gender role and orien- 
tation different from the sex of assignment 
and rearing. The authors conclude that the 
important variable in the establishment of 
a person’s gender is neither hereditary nor 
environmental but, rather, his own inter- 
pretation of a variety of signs. How he 


deciphers the social and environmental 
signs, whether under the impact of deliber- 
ate training or through the casual lessons 


of experience, seems more important than 
hitherto appreciated. In the normal indi- 
vidual the appearance of the external geni- 
tals is the most emphatic sign of sex. 
Hermaphrodites are probably so_ readily 
adaptable to assignment to either sex be- 
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cause the external genitals are ambiguous. 

Fourteen patients underwent a reassign- 
ment of sex after the early weeks of life. 
Of the 9 patients in whom the reassignment 
took place before the age of 2 years, 3 
months, 6 underwent the change without 
psychological disturbance. Of the 5 chil- 
dren in whom the change was made after 2 
years, 3 months, only 1 could be rated as 
psychologically healthy. 

The authors counsel that, in cases of her- 
maphroditism, the sex of assignment and 
rearing be decided with as little delay as 
possible. In making a decision, emphasis 
should be placed on the external genitals 
rather than on chromosomal or gonadal sex. 
Where surgical correction is possible, as in 
cases of female hyperadrenocorticism, the 
child should, of course, be reared as a fe- 
male. 

The application of these findings to the 
development of sex attitudes in persons with 
normal sex organs should be made with 
caution. As Money and associates point out, 
in normal individuals the appearance of the 
sex organs is the most emphatic sign of sex. 
How readily a child’s sex attitudes can be 
changed by parental pressures, in the face 
of normal sex organs, is not clear. Rearing 
a child as a member of the opposite sex 
might possibly explain the development of 
inversion but it certainly could not account 
for those homosexuals who behave as typical 
members of their own sex in everything 
except their sex activities. 

No hormonal changes have been found 
in transvestites. Males, studied by Pare,"® 


have a normal chromosomal pattern. 


PROGNOSIS 


According to the Kinsey group and 
Brown, the majority of male transvestites 
are predominantly or exclusively heterosex- 
ual throughout their lives. Of the children 
under our observation, one mentally defec- 
tive transvestite boy engaged in homosexual 
activity at the age of 12 years. Another boy, 
first seen at 7 years of age, was generally 
regarded in adult life as a homosexual. The 
patients George and Beatrice, whose case 
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histories have been presented, seem to have 
recovered completely. Two other boys who 


were early transvestites were normal in all 


respects at 13 and 15 years of age, respec- 
tively. 

In many of the case histories of sex 
variants recounted by Henry,’* ** a psy- 
chiatrist specially interested in sex deviates, 
the subjects were transvestites during child- 
hood and continued this behavior into adult 
life. Some of them married and had chil- 
dren but they were not happy in their ad- 
justments. Probably those who had made 
a satisfactory adjustment would not have 
come under psychiatric observation. 

The fact that transvestism is more com- 
mon in children than in adults suggests that 
the deviant behavior corrects itself. On the 
other hand, the lesser frequency in adults 
may be spurious and may depend on aware- 
ness by adults of the unacceptability of this 
sort of behavior and consequent conceal- 
ment. 

The “tomboy” girl is so frequent and 
lesbianism in adults so uncommon that one 
can safely predict that the large majority 
of these youngsters will grow up to normal 


adulthood in this respect. 


MANAGEMENT 


It is reasonable to assume from general 
considerations and from the observations of 
Money and co-workers that the earlier 
treatment is begun the better the outcome 
is likely to be. Hence, it is important that 
pediatricians recognize this unusual _be- 
havior early and give it their prompt atten- 
tion. 

The first step is a detailed review of the 
home situation, with special attention to the 
attitudes of the parents toward one another 
and toward the child. The dominating 
mother needs curbing; the passive father 
needs encouragement to take a more active 
part in his children’s lives. The youngster 
should be encouraged in behavior charac- 
teristic of his sex and, at the same time, 


discouraged from behavior characteristic of 
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the opposite sex. He should be trained to 
activities and responsibilities consistent with 
his sex. Coercion, teasing, and shaming are 
ineffective and even harmful since they may 
rouse the child’s negativism. Confusions 
about sex should be clarified and explana- 
tions given in terms which the particular 
child can understand. A transvestite child 
should be carefully guarded against undesir- 
able emotional attachments. 

In a certain number of cases, where re- 
sistance on the part of the parents is en- 
countered or where the behavior seems 
deeply intrenched and fails to respond to 
general suggestions, psychiatric help should 


be enlisted. 
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Anticipatory guidance in pediatric practice 


Lee Forrest Hill, M.D. 


DES MOINES, IOWA 


ITIs A PLEASURE indeed to be included 
among the contributors to this FEstscCHRIFT 
honoring Dr. Borden Veeder. Throughout 
his professional career Dr. Veeder main- 
tained a special interest in the emotional 
and mental problems of his patients. Know- 
ing of this interest, it seemed appropriate 
that my topic should be in this area. 

Some years ago the father of a 16-year- 
old boy who had been under my profes- 
sional care for most of his life called me 
on the telephone to tell me he had just 
learned that his son was responsible for 
his girl friend’s becoming pregnant. His 
final comment at the end of a somewhat 
prolonged conversation was, “We haven't 
done a very good job on Joe, have we?” 
Clearly this father included me, the boy’s 
pediatrician, among those responsible for his 
son’s dereliction. I was troubled at the time 
by the inference that I had failed the fam- 
ily as their pediatric counselor, and I have 
been troubled ever since as to just what 
should be the scope of the pediatrician’s 
responsibility in counseling parents of ado- 
lescent children. 

I shall return to the adolescent a bit 
later, but, before I do so, I should like to 
speak briefly about parent counseling or an- 
ticipatory guidance in the younger age pe- 
riods. I shall use the term “anticipatory 
guidance” to mean the anticipation for par- 
ents and interpretation to them of expected 


normal patterns of behavior in children as 
they occur in various age periods. It is true, 
of course, that no two children are exactly 
alike. Even identical twins have some dis- 
tinguishing features. On the other hand, it 
is equally true, as has been shown by Gesell 
and others, that, within certain individual 
variations, all normal children pass through 
much the same maturational sequences in 
growth and development from birth to adult 
life. This is well understood, even by par- 
ents, as far as physical and _ intellectual 
growth and development are concerned, but 
the behavior patterns of emotional and social 
development, while equally characteristic in 
the different age periods, are less obvious 
and therefore are less readily accepted. 
Consider, for instance, crying in the young 
infant or what is misdubbed “three months 
colic.” A variety of etiological explanations 
have been advanced among the commonest 
of which are allergy, “gas on the stomach,” 
carbohydrate or fat indigestion, swallowed 
air, imbalance of the autonomic nervous 
system, and faulty feeding techniques. The 
usual therapeutic efforts embrace frequent 
formula changes and the use of sedative 
drugs. But there is a different concept of 
the etiology of crying, at least in some in- 
fants, which seems to me to merit consid- 
eration. Crying in this age period, or 
“colic,” occurs with such regularity that 
with few exceptions it may be looked upon 
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as normal or expected behavior. It is a pro- 
tective reflex wisely provided by Nature 
as a means of calling attention to the in- 
fant’s needs during a stage of relative help- 
lessness. Moreover, it is a disappearing re- 
flex for as the infant matures and develops 
other means of making its wants known, the 
cry is used with decreasing frequency. Cry- 
ing is most often a problem to parents with 
their firstborn. Second and subsequent in- 
fants have the reputation of being “better 
babies” than first babies. Obviously there is 
no difference in the babies. It is the parents 
who have changed. Moreover, crying rarely 
comes to the attention of the pediatrician 
among the infants in the obstetrical nursery 
where skilled nurses are in attendance, or 
where a competent “baby nurse” is in 
charge in the home. Here, then, is an ex- 
ample of the way the physician may use 
anticipatory guidance in an effort to reduce 
parental anxieties. For many years now I 
have made it a practice to spend a half 
hour or longer with the young mother on 
the day she leaves the hospital explaining 
to her in as much detail as possible about 
what she may expect in the way of infant 
behavior with special emphasis on crying. 
The result has been that rarely have I had 
to resort to the use of sedatives or to change 
the type of feeding solely because of crying. 

There are several other patterns of be- 
havior exhibited by most infants in the 
first year which are likely to cause parents 
concern. These include thumb sucking, fear 
of strangers, and, in the latter part of the 
year, body curiosity. The last includes ma- 
nipulation of the genitals and poking fingers 
into such orifices as the ears, nose, and 
navel. Such behavior provides an early op- 
portunity for parental education about sex 
if it seems indicated. 

Anticipatory guidance concerning ex- 
pected behavior patterns during the second 
year can be most helpful to inexperienced 
parents. By this age the child has matured 
mentally so he now has definite ideas of 
his own, and his motor development en- 
ables him to attempt to carry them out. A 
half hour or so spent with the mother some- 
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where around the end of the child’s first 
year of life outlining behavior attitudes she 
may expect to encounter in the months im- 
mediately ahead and how these should be 
managed is a worthwhile service for the 
physician to offer. As an example, let us 
take the eating problem. Most infants dur- 
ing the first year of life eat quite well be- 
cause of rapid growth which on the aver- 
age amounts to approximately 15 pounds. 
During the second year there is a marked 
slowing down in the rate of weight gain to 
about 5 or 6 pounds. Food consumption 
slows down correspondingly, but parents 
often become alarmed at this decrease in 
appetite, and resort to various measures to 
persuade the child to eat the amount of 
food they think he should eat. The result 
is likely to be the well-known, long-con- 
tinued parental complaint, “My child won't 
eat,” ending only when the growth spurt 
of adolescence comes along. I am sure the 
majority of parents can be spared this try- 
ing parent-child conflict over eating if they 
are told in advance what to expect and 
why. They should be warned not to coax, 
urge, or force the child to eat. Furthermore, 
they should be advised that practically all 
children somewhere around a year of age 
manifest a desire to feed themselves. First 
attempts will be with hands and _ fingers 
and the process in all probability will be 
“messy.” But with encouragement and as- 
sistance the spoon will soon be utilized be- 
cause it works better. Some children feed 
themselves entirely by | year of age and all 
are capable of doing so by 18 months of age 
provided there is parental cooperation. 
Once self-feeding has been mastered, there 
should be no further parental interference. 


Other expected patterns of behavior dur- 


ing the 1 to 2 year age period which can 
be anticipated for parents include the oc- 
currence of temper tantrums stimulated by 
frustrations incidental to newly acquired 
motor abilities and maturing mental proc- 
esses. Finally, of course, comes the inevitable 
problem of toilet training. Caution against 
too early and too vigorous attempts may 
in the end save the parents from an un- 





Volume 56 Number 2 


pleasant “training problem.” I should in- 
terject here that in recent years I have 
taken advantage of this parent counseling 
interview to bring up the subject of acci- 
dent prevention. Parents are advised to 
make sure their house and its environs are 
safe for their children, and they are warned 
about the need for complete protection 
against accidents during the 1 to 4+ age 
period. 

Children who reach the age of 2 feeding 
themselves, with good sleep habits, happy 
in their play, not using temper tantrums 
as a means of attaining an end, and who 
show some interest in toilet training are a 
credit to parental management, and _ it 
does no harm to commend mothers for a 
job well done. 

In the third year children can learn to 
undress and dress themselves and to take 
their own baths. Negativism, imagination, 
and fears may make their appearance and 
occasionally give rise to parental concern. 
But parents who have successfully weath- 
ered the first three years may usually look 
forward to pleasant and reasonably un- 
eventful living with their children for the 
remainder of the years preceding adoles- 
cence. There are, however, two patterns of 
behavior which occur so regularly between 
+ and 6 years of age that it is well to advise 
parents in advance of their probability. 
One might be labeled “sassiness,” and is 
manifested by the child’s making remarks 
to his mother such as “shut up,” “I hate 
you,” “you old dummy,” all of which he has 
probably heard somewhere else and _ is 
merely repeating to observe their effective- 
ness. The other is more serious. It involves 
body curiosity about the opposite sex. Here 
the children inspect one another’s genitals, 
presumably in innocent curiosity as to how 
they differ. Mrs. M. called me long-distance 
one day in great distress to tell me her 
daughter had been sent home in tears by a 
mother in the neighborhood who had caught 
her son and Mrs. M.’s 5-year-old daughter 
with their pants off inspecting one another's 
genitals. “But, Mrs. M.,” I told her, “I 
warned you this was likely to happen, and 
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I told you how to meet the situation.” “T 
know you did,” she replied, “but you didn't 
tell this other mother and she’s madder than 
hops at my daughter.” 

Parents are distressed occasionally by the 
tendency 6- to 8-year-olds have of contin- 
uing the imaginative phase of early child- 
hood by telling tall tales or, less often, by 
pilfering from the mother’s purse. Such 
behavior in itself is not a cause for alarm, 
but it is an indication that the time has 
come when the lessons of truthfulness and 
of honesty must be taught and thoroughly 
learned. 

I have cited the foregoing examples of 
expected or normal behavior in the younger 
age periods to illustrate the preventive role 
the pediatrician may play by anticipatory 
guidance. His goal should be to secure more 
satisfaction for parents in their everyday 
living with their children, to minimize 
parent-child conflicts, and perhaps to pre- 
vent more serious forms of emotional dis- 
turbances that may require more expert 
help, by giving parents a better under- 
standing of what to expect and how to pro- 
ceed. 

Now let me return to the adolescent. 
From all the publicity given the subject it 
is not surprising that adolescence has gained 
the reputation of being a period of mal- 
adjustment and delinquency. This, cer- 
tainly, is not the situation in the average 


pediatric practice—at least I have not found 


it so. The breeding ground in which delin- 
quency flourishes is not that from which 
the pediatrician attracts his clients. The 
great majority of adolescents are a fun- 
loving, delightful group, who pass through 
this final phase of preparation for adult 
living with credit to themselves, their par- 
ents, and their communities. It is not to 
be denied that there are problems peculiar 
to this age period and that these problems 
are more complex than those of earlier 
childhood. It is these normal adolescent 
children and some of their problems as I 
have encountered them in my practice that 
I want to talk about—not the delinquent, 
maladjusted, emotionally disturbed children 
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who are more properly dealt with by the 
psychiatrist, the social worker, and the 
juvenile courts. 

Because the development of the sex or- 
gans and their maturation to their full re- 
productive capacity plays such an impor- 
tant role in the early years of adolescence, 
it is but natural that a majority of the 
questions raised by parents and by the ado- 
lescents themselves should be concerned 
with sex. Parent counseling in this field at 
first is concentrated more on the problems 
of girls than of boys, because girls mature 
earlier. 

The occurrence of breast development, 
noted at the routine office visit, will provide 
an opportunity to bring up the subject of 
menstruation. Usually the pediatrician will 
need to take the lead in the conversation by 
asking if the girl has been informed about 
menstruation. In recent years it has been 
my experience that most mothers, even 
though the child may be only 9 or 10 years 
of age, have discussed the matter with 
their daughters at least in some degree. This 
was not true fifteen or twenty years ago. At 
that time it was not unusual for parents to 
ask me if they could send their son or 
daughter to my office for me to tell them 
about the “facts of life.” I tried it a few 
times and promptly gave it up as a most 
unprofitable procedure for both of us. I am 
reminded of a story told by Dr. Goldbloom 
at a meeting in Quebec a few years ago. The 
morning session had been devoted to child 
psychiatry and Dr. Goldbloom’s story broke 
up the session. The story goes as follows: 
The parents of 10-year-old Freddie decided 
it was time he was told about sex, but nei- 
ther of them could persuade the other to 
take on the task. Finally they hit upon the 


happy thought of having their 15-year-old 


John do the job. Johnnie objected strenu- 
ously but finally consented. “Tell him about 
the birds and the bees,” said his father. 
“Awright,” said Johnnie. That night when 
the boys were in bed, John asked Freddie 
what he knew about the birds and the bees. 
“Nothing,” replied Freddie. “Do you know 
what happens when a man and woman get 
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married?” “Sure,” said Freddie. “Well, it’s 
just the same with the birds and the bees,” 
said Johnnie, and rolled over and went to 
sleep. 

Responsibility for informing girls about 
menstruation and its functions should rest 
with parents, usually the mother. One bit 
of advice I try to impart to mothers at an 
early session is that they cultivate an ex- 
change of confidences with their adolescent 
children. The privacy of the bedroom at 
bedtime is perhaps the most suitable place 
and time. Established and _ continued 
throughout the adolescent years, such a 
practice provides an excellent basis for an 
effective deterrent to undesirable behavior. 

Rarely nowadays one encounters a moth- 
er who for one reason or another feels in- 
adequate to discuss problems of sex with 
her children. It may help to review for her 
in a factual way the physiology of menstru- 
ation and reproduction with suggestions as 
to how she can pass on the information to 
her children. Or she may be referred to 
suitable literature which both she and the 
child may read and discuss together after- 
ward. Many public schools show a motion 
picture on menstruation and reproduction to 
students at the sixth to ninth grade level. 
Usually it is previewed by parents and 
when shown to the children of both sexes, 
a physician is present to lead the discussion 
and answer questions. One mother told me 
of her dismay when on the way home in the 
family car after her 12-year-old daugh- 
ter had seen the film, she suddenly piped 
up with the question, “Mother, what are 
wet dreams?” Another 14-year-old girl and 
her mother were in my office and the ques- 
tion was raised as to how adequately she 
felt informed about sex matters. She replied 
that she felt quite well informed from 
what her mother had told her and from 
the motion picture she had seen. But she 
had one criticism. “I know all about the 
female part,” she said, “but I don’t under- 
stand the male part so well. They tell us a 
seed is planted but what the seed is or how 
it gets planted isn’t gone into.” I thought 
her criticism was well taken. Half truths 
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and evasions should be avoided. Her moth- 
er, by the way, promised to complete her 
education promptly. 

Another situation where counseling of 
the adolescent may be helpful arises when 
biological maturity is either early or late. 
Consider, for instance, the girl who men- 
struates at 10 or 11, and the boy who ma- 
tures at 11 or 12. Physiologically the girl 
is the equal of girls 2 or 3 years older, but 
socially and intellectually her abilities are 
at the level of her chronological age. She 
feels too big for the play activities of her 
peers, but is in trouble if she attempts to 
keep up with girls and boys of her bio- 
logical age. The problem is not so serious 
for the early-maturing male, however. If 
he is athletically inclined his size gives him 
an advantage over his peers, and socially 
he is a match for the girls in his grade who 
are in the same stage of biological maturity. 
His chief difficulty is that his mental capac- 
ities may not be up to his physical appear- 
ance and he may be twitted about being 
dumb. 

Among the late maturers, on the other 
hand, girls have an advantage over the boys. 
Girls who do not menstruate until 16 or 17 
offer no “boy” or sex problems for the par- 
ents to worry about. I recall one girl of this 
age who requested some pills to make her 
breasts develop to support a bra. She in- 
dicated some of her girl friends had been 
so treated. I prevailed upon her to settle 
for “falsies’ in place of estrogen, and as- 
sured her that breast development was not 
far away. 

Life for boys who do not mature until 17 
or 18 can be rough indeed. Undressing in 
the gymnasium before peers is an embar- 
rassing experience, and may lead to with- 
drawing from all athletic activities. One 17- 
year-old boy with tears in his eyes com- 
plained bitterly to me that he was “just a 
little shrimp” and couldn’t I do something 
to make him grow? As I look back over the 
considerable number of normal boys and 
girls who were late maturers, I do not recall 
any that have not subsequently achieved 
full maturation. 
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It seems to me worth while early in the 
course of adolescence to explain to parents 
and to the children themselves about these 
patterns of sexual maturation with their 
wide individual differences. In terms of 
years there may be as many as 7 between 
the early and late maturers, and yet all be 
within the normal range. Late maturing 
boys in particular need reassurance at each 
visit that eventually they will grow up. 

Now I should like to consider briefly an- 
other phase relating to sex in the adoles- 
cent. It is of a more serious nature and of 
grave concern to the parents of all boys 
and girls who have attained full sexual ma- 
turity. In my opening remarks I cited the 
incident of a phone call from a father whose 
boy had gotten his girl friend pregnant. 
This is by no means the only such occur- 
rence among the adolescent children under 
my care. I have been impressed by the fact 
that these pregnancies out of wedlock are 
not restricted to adolescents who live “on 
the other side of the tracks.” The boy re- 
ferred to above came from one of the top 
families in our city, and this has been true 
of others who have come to my attention. 
Only recently one of my good friends went 
through this experience with his 16-year- 
old daughter. When I asked her why she 
took such a chance, her reply was, “Oh, we 
didn’t think we’d get caught.” Just what 
the ratio is between those who have sexual 
relations and do not get caught and those 
who do, I have no idea, but I would sur- 
mise it to be rather large. 

This is not the occasion to go into a 
lengthy discussion about the responsibility 
of the home, the school, the church, and the 
community in protecting the morals of 
these young people. We are concerned here 
only with the contribution the pediatrician 
can make in adolescent counseling. Parents 
of their own volition are unlikely to intro- 
duce the topic, but it has been my experi- 
ence that all welcome the opportunity to 
discuss it when I take the initiative. Seldom 
does one encounter a mother who is so cer- 
tain her child “wouldn’t do such a thing” 
that she resents any implication to the con- 
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trary. Most are well aware of the frequency 
of sexual experimentation among high 
school students, and express their concern 
about their own child during this period. 
One mother told me she knew for a fact 
that in a neighborhood gathering place 
boys had been observed dumping out the 
purses of the girls, and when contraceptive 
devices were noted among the contents, im- 
mediately jotted down the girl’s telephone 
number for future reference. I have been 
told also that “clubs” of a sort exist among 
these high school students, the requirement 
for admission being confession to having 
had sexual relations. 

What sort of counseling can the pedi- 
atrician offer that has any chance of ef- 
fectiveness in persuading these young peo- 
ple to refrain from sexual experimentation 
with its attendant penalties of pregnancy, 
guilt, and possible venereal disease? It must 
be admitted that the social demands in our 
culture which decree that sexual relations 
be postponed until the individuals are ready 
to undertake conventional marriage vows 
impose a considerable burden of restraint. 
The biological urge is perhaps at its peak 
during this period from the age of 15 or 
16 years to 20 to 22. In other cultures 
where marriage is customary as soon as bi- 
ological maturity has been reached, no such 
restraints are demanded by society. Much 
difficulty could have been avoided in our 
culture if nature had seen fit to make all 
adolescents late maturers. 

Clearly, the first requirement is that boys 
and girls be informed by somebody at an 
appropriate age, before they have gotten 
into trouble, about sex in all its details. 
They should know the risks of pregnancy 
from sexual experimentation, and of the 


penalties imposed by society, greatest and 


unfairly so, upon girls. Girls especially need 
to be warned about how far they can safely 
let necking and petting proceed. Involved 
also are such allied topics as dating, whether 
in groups or singly, going steady, offbound 
joints after parties, and hour of getting 
home at night. Parental imposition of rules 
and regulations unaccompanied by reason- 
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able explanations are very likely to lead to 
adolescent resentment, and this in turn to 
subterfuge, disobedience, and perhaps to de- 
linquent behavior as illustrated by Janice. 

Janice was a moderately obese 14-year- 
old girl who had matured rather early. She 
began dating a 15-year-old boy whom her 
parents regarded as a rather undesirable 
character. A climax was reached when the 
mother discovered a letter Janice had writ- 
ten to her boy friend. Part of the letter re- 
ferred to petting that had gone on between 
them in the movie, and Janice indicated it 
was all right with her, and that he could 
have gone much farther if he had wanted 
to. Naturally, Janice’s mother was horrified. 
Her first reaction was to confront Janice 
with the letter and have a showdown. I pre- 
vailed upon her to send Janice to me for an 
interview. It developed that she was rather 
innocent about the implications of her con- 
duct and was resentful of her parents’ at- 
titude toward her boy friend. She confided 
that she did not feel close to her parents 
and seldom had confidential chats with her 
mother. Clearly Janice needed educating, 
and her parents needed counseling about 
their understanding and management of a 
biologically matured adolescent. Janice has 
come out all right so far but one other 
episode occurred a short while later. She 
went to Sunday School one morning, going 
in the front door and straight on out the 
back door to keep a date with her boy 
friend. Her father told me later he probably 
should not have done it, but when he found 
out what had happened he was so mad he 
took her over his knee and paddled her. He 
felt the punishment had been beneficial, but 
feared it would not be approved by psychi- 
atrists. 

There are, of course, many other ex- 
pected patterns of behavior peculiar to 
adolescents not so intimately related to 
sexual maturation that offer an opportunity 
for the pediatrician’s services. One practice 
I have followed for a number of years which 
I believe has been useful is to spend a lit- 
tle time anticipating for parents of young 
adolescents what lies ahead. This has been 
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stimulated by such parents’ questions as, 
“Are all adolescents so argumentative? We 
can hardly make a statement that John 
doesn’t argue about it,” or “Why is Bill so 
moody or irritable? First he’s up, then he’s 
down, and we can’t understand why.” 
When parents are forewarned to expect 
such behavior, many unnecessary conflicts 
can be avoided. It can be pointed out that 
adolescence represents the last phase of 
growth and development before adulthood. 
A reminder to the parents of a 14-year-old 
boy that in another five or six years he may 
be piloting a jet airplane from California to 
Tokyo or that a 12-year-old girl in a simi- 
lar period of time may be running a home 
of her own serves to bring out rather 
sharply the relatively short time remaining 
for the tremendous transition that is to take 
place between childhood dependence and 
adult independence. If the transition is to 
be made successfully, the apron strings must 
first be unloosened, then detached com- 
pletely, and increasing responsibilities in a 
variety of areas not only be permitted but 
actually thrust upon the adolescent. Much 
of the behavior adults find objectionable is 
but the striving on the part of the adoles- 
cents to emulate adult stature. Thus his 
argumentativeness, advancing his own opin- 
ions, rebelling at parental restrictions, smok- 
ing a cigarette or perhaps trying his first 
drink are all to be interpreted in this light. 
His need is for understanding and advice, 
not punishment and belittling. 

I was impressed not long ago when a 
17-year-old boy took out his own check 
book and paid for his examination out of 
his independent funds, while his father who 
was along paid for the younger children. 
Here, I felt, was a family who thoroughly 
understood the importance of preparing 
their children for responsible adult living. 

Occasionally one encounters an attitude 
on the part of parents which makes it ad- 
visable at this early conference to point out 
the importance of parents’ being satisfied 
with their children as they are, and of let- 
ting them know of their approval. Two 
fathers I recall were most unhappy with 
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their boys around 10 or 11 years because 
neither evinced any interest in competitive 
athletics. The major interest of both of 
these boys was in music and each was an 
excellent pianist. Parents who seek to re- 
live their own youths through their chil- 
dren or who seek to achieve through their 
children that which was denied them are 
likely to be in for trouble. Every adolescent 
wants to be an individual in his own right 
and be permitted to develop and pursue his 
own special interests. Wise parents will pro- 
mote and respect the child’s individuality 
rather than attempt to mold his personality 
into something of their own choosing. 

Dissatisfaction over scholastic achieve- 
ments is another fairly common complaint. 
“Oh, he does all right, but he could do 
much better if he would only apply him- 
self,” is a criticism voiced not only by par- 
ents but by teachers as well. Children, even 
in the same family, vary in their intel- 
lectual endowments just as adults do. Some 
have slow minds, the majority are average, 
and a few have superior minds. The child 
with a slow mind who gets a C average is as 
worthy of commendation as the child with 
a superior mind who obtains an A average. 
It is something else again, however, when 
a child with an adequate mind suffers a 
scholastic failure. Here an exhaustive search 
must be made to ascertain the cause. IIl- 
ness, overemphasis on athletics, a top-heavy 
extracurricular program of activities, some 
emotional disturbance at home or in the 
school are among the possibilities. 

Thus far I have considered adolescent 
counseling from the physician’s viewpoint 
largely as it relates to parent education 
with the expectation that the information 
will be transmitted where indicated to the 
child. Sometimes the adolescent is present 
during these interviews and participates in 
the conversation to a greater or less extent, 
at other times the interview is with the 
parents, usually the mother alone. There 
are other problems which are best discussed 
directly between the adolescent and the pe- 
diatrician. It has been stressed recently 
that one of the greatest needs of the ado- 





lescent is someone outside the family to 
whom he or she may go and be sure of 
help on any problem no matter how trivial 
or serious. Adolescent clinics have been 
established in some cities for this purpose. 
It is also reported that some physicians as- 
semble their adolescents in groups for coun- 
seling. Clearly a movement is under way 
to expand the personnel and facilities avail- 
able to the young people in this age group. 
In private practice it would seem impor- 
tant that physicians’ offices be put to greater 
use to augment this counseling service for 
adolescents. It is gratifying indeed to have 
an adolescent come to one’s office of his 
own free will because of some problem. Not 
all have problems as serious as Judy’s. One 
day this 14-year-old girl called me on the 
phone saying she had to see me at once, but 
I must promise I would not tell her mother 
of her visit. I promised and Judy came. To 
my surprise she demanded a blood test. 
When I asked why, she said her boy 
friend was in the hospital with sores on his 
leg, and the doctor had told him it might 
be syphilis. After further conversation it 
came out that she and her boy friend had 
had sexual relations. “But we aren’t going 
to do it any more,” said Judy. “We both 
know it’s wrong.” Whereupon I spent the 
next half hour of a busy office schedule ac- 
quainting Judy with the risks she was run- 
ning. Fortunately, her blood test came back 
negative. Several years later I received an 
invitation to her wedding, whether to the 
same boy or a different one I never knew. 
Two problems of concern to adolescents 
are their size—whether too small or too 
big, and skin disturbances, usually acne. I 
keep an Iowa growth chart in each pa- 
tient’s record. Younger children are not in- 
terested in the shape of the curve but ado- 
lescents usually are. They peer over my 
shoulder at each visit to see where they 
stand, and demand to know just how tall 
they should be or how much they should 
weigh. The charts have their greatest use- 
fulness in the management of the frankly 
obese child. A sharp rise in the weight 
curve not accompanied by a corresponding 
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rise in the height curve is as readily ap- 
parent to the adolescent as to me. The op- 
portunity is seized upon to review eating 
habits and energy expenditure with the hope 
that the next weight recording will show 
an improvement. Obesity is a serious handi- 
cap to the adolescent, frequently ostracizing 
him from participation in athletic and so- 
cial activities. The fat child has need for a 
sympathetic counselor. 

Every adolescent with acne deserves as 
complete an explanation as possible as to 
what is known of its causes, how long it 
will last, and what can be done about it. 
One of my daughters at this stage in de- 
velopment, who also suffered from recur- 
rent crops of boils, stated flatly that she 
was going to medical school and specialize 
in acne and boils, because she thought the 
medical profession didn’t know anything 
about either. 

I think the physician can be of consid- 
erable help also to his adolescent patients 
by showing an interest in the scope and type 
of their extracurricular activities. I like to 
inquire of my 8- and 9-year-olds if they 
made the Little League baseball or foot- 
ball teams, and whether they can swim or 
ride a bike. Early encouragement may stim- 
ulate a reluctant or disinterested child to 
participate in activities which may be most 
rewarding in years to come. Not only is 
there lasting benefit from the acquisition of 
skill in a variety of sports, but there is an 
important safeguard in the later teen-age 
years which comes from full occupation of 
spare time in these wholesome activities 
with little or no time left for participation 
in undesirable forms of behavior. 

In conclusion, may I add just another 
word about the many facets of behavior 
peculiar to the adolescent which cannot be 
considered in detail here but which are fre- 
quently brought to the pediatrician for ad- 
judication. These include such problems as 
bedtime on school nights and non-school 
nights, television watching, telephonitis, 
grooming and behavior in schools, on the 
streets, and in public places. I mention this 
because it gives me an opportunity to cite an 
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experiment now going on in one of our jun- 
ior high schools where the students, parents, 
and teachers have drawn up a Code for the 
management of such problems. The Code 
states that, “Young people want to have 
privileges similar to their agemates. We be- 
lieve that in order to merit privileges, we 
must assume responsibilities. This Code in- 
cludes a statement of parent and student 
responsibilities and parent and _ student 
privileges.” The idea appears to be excel- 
lent. How it works out remains to be seen. 
A 14-year-old boy to whom I talked re- 
cently wasn’t very enthusiastic. He seemed 
to think it was something the graduating 
class put over on the rest of the students by 
voting it in, then leaving for senior high 
school where it wouldn’t apply to them. 
In summary the following points would 
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seem to be pertinent: 

1. Within certain individual variations, 
most children exhibit what may be called 
expected or normal patterns of behavior as 
they pass through the different age periods 
from birth to adult life. 

2. One of the helpful services the pedi- 
atrician may render is to anticipate for par- 
ents and interpret to them these expected 
patterns of behavior. 

3. The purpose is to secure more satis- 
faction for parents in the every-day living 
with their children, to minimize parent- 
child conflicts, and if possible to prevent 
the development of serious psychiatric prob- 
lems. 

4. The pediatrician should be familiar 
with specific types of expected behavior in 
the younger age periods and in adolescence. 
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UNRESPONSIVENESS, limpness, and 
shallow respirations caused this 2-day-old 
white male to be brought to the Children’s 
Medical Center. He was the second child of 
a 36-year-old mother; his sibling is now 13 
years of age. 

mother had 


During early gestation the 


some vaginal bleeding which cleared up 
during bed rest. The membranes ruptured at 
home less than 12 hours prior to the deliv- 
ery of the child which followed 3 to 4 hours 
of labor. At the time of delivery the mother 
was in good health. 

The child was delivered by low forceps at 
term. The cord was described as short and 
around the child’s neck. His weight at birth 


ly, He did 


breathe spontaneously for 40 minutes despite 


was 9 pounds, ounces. not 
many efforts at resuscitation. He did have 
some shallow respirations but remained le- 
thargic, unresponsive, and limp, did not take 
his feedings, nor did he have a suck reflex. 
He was placed in oxygen. His color con- 
tinued to be very poor and throughout the 
14-day stay at another hospital there was 
generalized twitching. 

Examination revealed a of 
101.4° F., a pulse rate of 160 per minute, 
a respiration rate of 90 per minute, a weight 
of 7 pounds, 11 ounces, a length of 52 cm., 
and a head circumference of 35 cm. He was 
a floppy, unresponsive, purplish infant, 
whose respiration was extremely shallow. 


temperature 
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There were small pustules on the hands and 
feet. Moderate icterus was easily observed. 
The head was of normal shape. Pupils were 
small and contracted. There were conjuncti- 
val hemorrhages, and the fundi could not 
be adequately visualized. Ears, nose, and 
throat were entirely within normal limits. 
Chest movements were shallow and irregu- 
lar. There were coarse rhonchi and rattles 
over both the lung fields. The heart had a 
rapid, regular rhythm, without audible mur- 
murs. The abdomen was completely flaccid, 
and there was a freely movable mass in the 
left flank extending beyond the midline. This 
mass could never actually be separated from 
the kidneys, and some observers felt that the 
left kidney was definitely larger than the 
right. Te mass was smooth. The liver was 
palpat... 2 cm. below the costal margin. The 
spleen tip was barely palpable. 

Neurological examination revealed ex- 
treme flaccidity, and the absence of Moro, 
gag, suck, and deep tendon reflexes. The 
child would respond only minimally to pain- 
ful stimuli. 

Laboratory data revealed a hemoglobin 
level of 16 Gm. per cent, a white blood 
cell count of 16,000 per cubic millimeter, 
with 29 per cent mature polymorphonuclear 
leukocytes, 10 per cent band forms, 7 per 
cent myelocytes, 8 per cent metamyelocytes, 
45 per cent lymphocytes, and 1 per cent 


monocytes. There were 14 nucleated red 
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blood cells per 100 leukocytes. The initial 
lumbar puncture revealed normal pressure, 
xanthochromic fluid, a blood sugar level of 
75 mg. per cent, total protein of 158 mg. per 
cent, no growth on culture, 2,200 red blood 
cells (none of which were crenated), and 2 
white blood cells. Analysis of the blood re- 
vealed a nonprotein nitrogen of 64 mg. per 
cent, and a bilirubin of 1.0 mg. per cent 
direct and 15.7 mg. per cent indirect. There 
was no growth on blood culture. Staphylo- 
coccus aureus was isolated in the throat 
culture. 

On the evening of admission, the infant’s 
bladder was found to be palpable to the 
level of the umbilicus. An indwelling cathe- 
ter was easily passed, and 50 c.c. of urine 
was collected. Urinalysis revealed a pH of 
5.5, specific gravity not determined, albumin 


3 plus, no growth on culture, hyaline and 


coarse granular casts, and 0 to 2 white blood 
cells per high-power field. The child ap- 
peared to be more icteric that evening when 
the direct bilirubin was 1.6 mg. per cent 
and the total bilirubin was 19.7 mg. per 
cent. Blood group studies revealed the child 
to be Rh negative; results of a direct 
Coombs’ test were negative also. After the 
blood cultures had been obtained, the child 
was started on penicillin and Chloromycetin 
therapy, the former administered in doses 
of 100,000 U. every 6 hours, and the latter 
in doses of 75 mg. every 6 hours. 

X-ray examination of the chest and abdo- 
men showed the lungs to be somewhat in- 
creased in volume, with peribronchial infil- 
tration in both upper lobes as well as in the 
lower lobes. The appearance suggested a 
pneumonitis on the basis of aspiration. The 
heart was not unusual. There was no evi- 
dence of mechanical intestinal obstruction. 
The stomach appeared to be displaced an- 
teriorly, and the possibility of a mass on the 
left side of the abdomen was considered. An 
intravenous pyelogram showed a prompt ex- 
cretion of dye; the right kidney was normal, 
but the left kidney could not be definitely 
outlined. 

Analysis of the blood clotting indicated 
no abnormalities that would be consistent 
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with bleeding tendencies. Erythromycin was 
added to the antibiotic prescription when 
the Staph. aureus was cultured from the 
throat. The infant’s neurological status im- 
proved slightly on the second day. There- 
after, his course was one of rapid deteriora- 
tion. His reflexes became lively but there was 
little active motion in the extremities. The 
respiration became increasingly shallow, his 
gaze was fixed, and he continued to show a 
twitching movement. On the day that he 
died there were several periods of apnea fol- 
lowed by a decrease in the respiratory rate 
from 42 to 10 per minute. 

Dr. Farser. We are delighted to welcome 
Dr. Pendleton who has come from the Bos- 
ton Lying-in Hospital to discuss this problem 
today. Dr. Pendleton? 

Dr. Murray E, Penpteton.* The proto- 
col is fairly lengthy and it may simplify mat- 
ters if the symptoms and signs are separated 
into two categories, major and minor, the 
major ones being those factors which require 
explanation and integration into the total 
picture, and the minor ones being those fac- 
tors which may not be specific or definitive 
but only contributory to the clinical course. 

Three major factors stand out: (1) de- 
pression of the central nervous system, (2) 
jaundice, and (3) the abdominal mass. 

1. Depression of the central nervous sys- 
tem was present from birth, as evidenced by 
failure to breathe for 40 minutes; in addi- 
tion, he continued to respond poorly, was 
limp, and had little reflex activity. General- 
ized twitching was present, although seizures 
as such were not described. The absence of 
abnormalities in the cerebrospinal fluid force 
me to discard significant intracranial bleed- 
ing or bacterial, viral, or protozoan infection 
to explain these findings. The spinal fluid 
sugar is encouraging since the level of 75 mg. 
per cent allows me to rule out the possibility 
of severe hypoglycemia as a cause of the 
symptoms of depression of the central nerv- 
ous system. We have recently encountered 
several such babies with severe hypoglycemia, 

*Dr. Pendleton is an Associate Physician at The Chil- 


dren’s Hospital, and Instructor in Pediatrics at Harvard 


Medical School, Boston, Mass. 
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particularly under circumstances of placental 
insufficiency of one type or another, as in 
maternal toxemia. Another unlikely cause of 
this patient’s difficulty could be an anomaly 
of the brain; hydranencephaly is often un- 
suspected for several months. 

2. He developed jaundice that was quite 
striking. Calculations, based on estimates of 
normal bilirubin formation (even in the 
presence of assumed total failure of hepatic 
conjugation and excretion), suggest that the 
levels of bilirubin reached in this child were 
at least twice the expected amount. In ex- 
planation of excessive hemolysis, the most 
obvious causes of jaundice, such as the usual 
types of blood group incompatibility, were 
ruled out and there is very little to support 
the diagnosis of infection. 

3. A third major factor is the problem of 
an abdominal mass. This is not likely to be 
the spleen, since its tip was felt separately. 
Dr. Sherwood' has taught us that the kid- 
neys are normally palpable in neonates, but 
this would seem to be something more—a 
smooth rounded mass resembling an enlarged 
left kidney or a perirenal mass, perhaps an 
enlarged adrenal gland. The urinalysis might 


point to primary renal involvement, although 


erythrocytes were not seen. The level of the 
nonprotein nitrogen, I believe, does not con- 
clusively indicate renal disease, but it is cer- 
tainly approaching significant levels, even 
for a newborn infant. 

Now, let us touch upon several of the 
many minor factors in this case. 

The mother might be considered elderly, 
as far as childbearing is concerned, and per- 
haps infertile as well. These situations in- 
crease the likelihood of placental insuffi- 
ciency, with possible associated intrauterine 
anoxia. The history of vaginal bleeding sug- 
gests some placental separation; I presume 
there are no other details concerning this. 

Dr. Suerwin Kevy. No, there are not. 

Dr. Penpteron. The labor and delivery, 
as described, present little that is striking or 
concrete, but we do know that there was 
instrumentation, and, of more importance, 
that the cord was both short and wrapped 
about the baby’s neck. The latter could result 
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in venous stasis, or even rupture of the cord 
vessels with hematoma formation or actual 
hemorrhage associated with unavoidable 
traction at the time of delivery. Thus the 
oxygen supply to the baby’s brain could be 
compromised, 

Forty minutes of resuscitation make one 
worry about trauma to the baby as the re- 
sult of vigorous squeezing or other types of 
manipulation. I also note there were small 
“pustules” on hands and feet. Do we know 
more than this? 

Dr. Gorpon F. Vawter. A few Micro- 
coccus tetragenes were cultured from one 
lesion during life. 

Dr. PENDLETON. I cannot become too ex- 
cited about this. One of the commonest 
rashes is so-called erythema neonatorum tox- 
icum or “fleabite dermatitis,” but it is usu- 
ally present on the trunk as well as the ex- 
tremities. I suspect this is a related phenom- 
enon anyway. 

The fundi could not be seen too well. Was 
this because of microphthalmos, a finding 
frequently associated with maternal dia- 
betes? The auscultatory findings probably 
resulted from mucus in the upper airway 
and are not surprising when respiration is as 
shallow and depressed as in this child. 

Perhaps this would be a good time to see 
the x-ray films. 

Dr. Neunauser. The lungs are increased 
in volume for this age, the diaphragms are 
low, and the ribs are widely separated. There 
is density in the right upper lobe and else- 
where, so that I think it really is a very dirty 
looking lung. The heart looks all right. On 
the lateral film you can see that the gas in 
his stomach is displaced forward, as if by a 
mass (Fig. 1). On the intravenous pyelo- 
gram there is evidence for good and prompt 
excretion from the right kidney to the blad- 
der, but overlying gas shadows make any 
comment about the left kidney impossible. 

Dr. Farser. What do you have in mind 
when you say “dirty lungs”? 

Dr. Nevnauser. Well, that is an x-ray 
diagnosis, Dr. Farber. Grade one dirt in the 
lungs means nonspecific bronchitis, aspira- 
tion; you just can’t put your finger on it. 
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Dr. PENDLETON. It would appear that the 
pulmonary findings are secondary. 


This was a big baby, over 9 pounds at 
birth, but by the time he had arrived here, 
at nearly 2 days of age, he had lost 15 per 
cent of his initial weight. Despite this, his 
hemoglobin level was 16 Gm. per cent, which 
is a little surprising since one might expect 
it to be 21 or 22 Gm. per cent. This may 
well represent a relative anemia, and sup- 
ports the possibility of occult blood loss or 
hemolysis. The leukocyte count also showed 
a definite shift to the left; however, a blood 
culture taken before antibiotics were begun 
was negative and I do not believe that the 
presence of Staph. aureus in the nose and 
throat justifies the conclusion that sepsis was 
the most likely cause of this baby’s problems. 

Chloromycetin is administered with care, 
now that we realize its potential toxicity, 
especially in the newborn infant. This baby 
received a little more than is usually given, 
even on specific indication. We still use this 
material when indicated, but recognize that 
a single dose may suffice to give prolonged 
high blood levels, and that each additional 
dose may produce a step up in concentration 
for several days. 

I would now like to reconsider the three 
major factors and their most likely expla- 
nations. 

Concerning the central nervous system de- 
pression, which I believe is a manifestation 
of his primary illness, the initial influence 
of excessive maternal analgesia or anesthesia 
must be considered among the various pos- 
sibilities, and not discounted merely because 
we have no knowledge of it. Another likely 
factor would be intrauterine anoxic insult. 
Generally speaking, placental and cord fac- 
tors take precedence here. In the former, a 
classic example is abruptio placentae. Other 
causes include vascular disease of the pla- 
centa, placental insufficiency as seen in tox- 
emia or in the diabetic or prediabetic state, 
and thrombosis of, or hemorrhage from, a 
ruptured marginal sinus in the low-lying 
placenta. The fetal side of the placenta may 
also be affected with thrombosis of its ves- 
sels; this is usually secondary to mechanical 
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Fig. 1. The gastric gas bubbles forward as if 


pushed from behind by a mass. 


factors as in a prolapse of the cord, in bleed- 
ing from one or another exposed vessels, or 
in the circumstance of velamentous insertion 
of the cord. In the latter case, the presence 
of vaginal bleeding and the short cord about 
the neck support the possibility of intra- 
uterine anoxia secondary to these factors. 

In regard to the jaundice, 2 causes of in- 
direct hyperbilirubinemia might be consid- 
ered in the absence of evidence of blood 
group incompatibility or of infection. Either 
disintegration of the blood at the site of an 
occult hemorrhage or the unexplained jaun- 
dice in infants of diabetic mothers might be 
causes of the jaundice. 

Dr. Longino has recently reviewed ab- 
dominal masses in the newborn.’ Renal mal- 
formation (usually cystic), often associated 
with infection, such as the hypoplastic mul- 
ticystic kidney, heads the list. These may 
be surprisingly movable. In the light of the 
findings in this case, urinary tract infection 
is unlikely unless total obstruction existed on 
the left. Wilms’ tumors are found but they 
are relatively rare in newborn infants. 

A recent review of some 35 cases of 
adrenal hemorrhage*’ may be applicable 
here. Most of these occurred in big babies 
and were usually related to trauma in de- 
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livery, with or without some coagulation 
defect. Frequently there is rupture through 
the adrenal capsule into the peritoneal cav- 
ity and exsanguination may kill the baby. 
Many of the findings in the present case 
could be explained by the presence of an 
adrenal or periadrenal hemorrhage, and we 
have some right to suspect a degree of 
trauma during the resuscitation procedure. 
I cannot exclude this possibility which I 
consider to be one of the foremost ones. 

I am intrigued, however, by the possibility 
of renal vein thrombosis as the most likely 
explanation of the abdominal mass and the 
urinary findings. Dr. Mary Ellen Avery* 
wrote of 2 such cases in newborn infants 
and the over-all incidence appears to ap- 
proximate that of adrenal hemorrhage. Gen- 
erally there is dehydration or sepsis, or both, 
when such cases occur beyond the neonatal 
period, but contributory factors in the new- 
born child are less well understood. This 
does occur in infants of diabetic mothers for 
unknown reasons. Against such a diagnosis 
is our ignorance of the mother’s metabolic 
and endocrine status, and especially of the 
absence of red blood cells in the urine of this 
infant. I have returned again and again to 
the possibility of maternal diabetes and pre- 
diabetic states. We know that such babies 
are apt to become asphyxiated in utero and 
be stillborn. We know such babies become 
jaundiced for reasons unknown. We know 
that such babies are more apt to develop 
thrombosis in their renal veins. We know 
that they are often big babies. If all this is 
true, we have a chance of confirmation if 
this child’s pancreatic islets are found to be 
large or increased in number. 

It is regrettable that we do not have a 
placental examination in this case. It might 
have helped. Dr. Shirley Driscoll at the Bos- 
ton Lying-in Hospital has reviewed the 
1utopsies of the past year in which the pla- 
centa was also examined pathologically. In 
some 30 per cent of the cases a primary 
diagnosis accounting for fetal or neonatal 
death could be made from the placenta 
alone, and in some 20 per cent the diagnosis 
could not have been made without the pla- 
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centa. This is to say that examination of the 


placenta becomes a vital part of our exami- 


nation of the neonate. Indeed, when we are 
called by a mother who tells us that her 
child has just swallowed poison, one of the 
things we tell her to do is to bring the bottle 
along with the child, for examination. So 
it is with the placenta and the newborn in- 
fant, especially if he is sick. 

Dr. CLemMent Smiru. I agree with Dr. 
Pendleton’s comments. Perhaps Dr. White 
Franklin, who is visiting today, would like 
to comment. 

Dr. Wuitre FRankun. I am not clear as 
to the nature or existence of the swelling in 
the loin. One would have expected it to be 
described as hard or firm if either renal vein 
thrombosis or adrenal hemorrhage were pres- 
ent. Second, it may be ignorance on my 
part, but the absence of red blood cells in 
the urine would, to me, rule out renal vein 
thrombosis altogether. How this fits into the 
total picture is difficult to answer, but in 
dealing with diagnosis in the newborn infant, 
one frequently has to leave out some things, 
otherwise he would never get anywhere at all. 

Dr. Farser. Dr. William Kent, from Bir- 
mingham, would you like to speak? 

Dr. Kent. I was very much interested in 
the renal vein thrombosis, but would agree 
with Dr. Franklin that absence of hematuria 
would rule it out. 

Dr. Kevy. Dr. Byers gave the best descrip- 
tion of the mass, which just demonstrates 
how complete neurological examinations are 
done. I quote: “The mass is lobulated, freely 
movable, and extends from the flank to be- 
yond the midline, apparently behind the in- 
testine. It reminds me of a cystic kidney.” 

Dr. Smiru. The short cord was probably 
the reason why there was difficulty in resus- 
citation of this baby. My attention was 
called, just yesterday, to the strong correla- 
tion between slow babies and short cords, 
particularly when the cord is around the 
neck. As a group, these are often seriously 
asphyxiated and this could account for the 
findings in the spinal fluid and for the 
twitching as well. 

Dr. Davip SuHerwoop. I think we ought 





Volume 56 Number 2 


to mention neuroblastoma. 

Dr. Farser. Neuroblastoma, yes, with or 
without the hemorrhage, which so often 
complicates this tumor, or perhaps ganglio- 
neuroma, teratoma (intraperitoneal or un- 
attached), or fetus-in-fetu, to add to the list. 

Dr. Vawter, what are the findings? 

Dr. Vawter. We feel, as apparently every- 
one does, that perinatal cerebral damage is 
symptomatic of the mechanism of most of 
the lesions which are found in this infant. 
This type of damage could well follow com- 
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Fig. 2. Massive hemorrhagic 
necrosis within the left adrenal 
gland and hemorrhage without. 
Only a few subcapsular cortical 
remnants persist. Recent fibrin 
thrombi fill the central vein. 
(x20; reduced %.) 


Fig. 3. Early necrosis and 
limited hemorrhage involve the 
right adrenal gland. (60; re- 


duced %. 


promise of blood flow through the umbilical 
cord. In the brain, especially in the brain 


stem, such lesions consist of extensive ne- 
croses of neuronal groups without bile stain- 
ing. However, such necroses are present in 
several organs, as may often occur when 
anoxia and some circulatory compromise 
have been active, singly or together, followed 
by a period of relative stabilization and sur- 
vival before final deterioration begins. 

The abdominal mass was associated with 
hemorrhage above the kidney in the adrenal 
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area; actually, the adrenal gland was re- 
moved with the hematoma, since it lay in the 
gland’s center. Lack of important hemorrhage 
at other sites lessens the likelihood of hemor- 
rhagic diathesis. At autopsy, the hematoma 
had a volume of 35 ml., or as much as 15 
per cent of his estimated initial blood vol- 
ume. There could have been considerably 
more blood loss obscured by local destruc- 
tion of blood with release of bilirubin and 


by syneresis from the clot over the period of 


the 3 days or so which it was known to have 
been present. The mass had produced pres- 
sure marks on the associated kidney, but had 
not ruptured into the peritoneum, where 
only 2 ml. of pink serous fluid was found. 
There is almost complete coagulative necro- 
sis through the whole left adrenal gland, and 
only scattered rims of adrenal cortical cells 
survive beneath the capsule (Fig. 2) 

Ordinarily, the recent fibrin thrombus 
which is shown filling the central vein of 
this adrenal gland is considered a _ conse- 
quence of the parenchymal necrosis. Perhaps 
it is too great a flight into fancy to suggest 
that it may be the equivalent in this child of 
the renal vein thrombosis in Dr. Avery’s 
patients. 

A consequence of the necrosis and throm- 
bosis is hemorrhage into and through the 
eland. The right adrenal gland shows what 
may be the incipient stage of the massive 
lesion on the other side (Fig. 3), but there 
is no thrombosis of the central vein in this 
eland. There are zones of coagulative ne- 
crosis with early congestion and_petechial 
changes. Coagulative necroses suggesting 
anoxia and circulatory collapse were also 
found in the liver and the myocardium, but 
not in the kidney. These hepatic lesions sug- 
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gest that some alteration of hepatic function 
played a role in the developing jaundice, 
albeit minor or secondary. The pale, swollen 
kidneys do show tubular injury (principally 
vacuolar pallor) of reversible type. No sign 
of abnormality was detected in the islets of 
the pancreas. Although there is a high inci- 
dence of change in the islets of Langerhans 
in the offspring of diabetic mothers, I am 
not sure that its absence will absolutely rule 
out this possibility, but it renders it unlikely. 
Unfortunately, we do not have the critical 
clinical information regarding the mother’s 
health. 

Finally, as suggested by the “dirty” x-ray, 
there is an extremely extensive aspirational 
pneumonia of postnatal character from 
which only Alcaligenes faecalis was recov- 
ered, whereas postmortem blood cultures re- 
mained sterile. 

We believe, then, that at or near birth, 
severe anoxic and circulatory embarrassment 
led to the development of coagulative ne- 
croses in many viscera, and that this was 
complicated by secondary adrenal hemor- 
rhage and formation of retroperitoneal he- 
matoma on the left. 
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Nens and notes 





The Department of Pediatrics, Western Re- 
serve University School of Medicine, Cleveland, 
Ohio, with the Department of Preventive Medi- 
cine and Babies and Children’s Hospital of Uni- 
versity Hospitals, announces a two-year training 
program in general pediatric microbiology, sup- 
ported in part by the United States Public 
Health Service, under the direction of Drs. 
Floyd W. Denny, Jr., and Ralph J. Wedgwood. 
Instruction and experience are offered in bac- 
teriology, virology, and immunology, as well as 
in the epidemiology, diagnosis, treatment, and 
prevention of infectious disease, to prepare train- 
ees for academic pediatrics. 

Applicants should have had at least two years’ 
pediatric training in an accredited pediatric hos- 
pital. 

Generally, the first year will involve direct 
clinical responsibility for patients with unusual 
infectious diseases and study of varied specific 
research methodology. The second year will be 
predominantly oriented toward clinical and/or 
laboratory research. The program, however, can 
be altered to fit individual needs or desires. 
Stipends starting at $5,000 per year are avail- 
able. For further information write to Dr. Ralph 
J. Wedgwood, Department of Pediatrics, 2103 
Adelbert Road, Cleveland 6, Ohio. 


“Prenatal and Perinatal Factors in Neurologi- 
cal Disease” and “Pathogenesis and Treatment 
of Hydrocephalus” will be discussed at the 
Eighth Annual Symposium of the Houston Neu- 
rological Society to be held in the Texas Medi- 
cal Center, March 10, 11, and 12, 1960. Par- 
ticipating in the program will be Dr. Samuel 
Hicks, Boston; Dr. Russell J. Blattner, Houston; 
Dr. Marjorie Nelson, San Francisco; Dr. Wil- 
liam Windle, Bethesda; Dr. George Anderson, 
Providence; Dr. Donald Matson, Boston; and 
Dr. Robert Pudenz, Pasadena. 

Registration fee is $10.00. For further infor- 
mation write to Dr. William S. Fields, Houston 
Neurological Society, 1200 M. D. Anderson Blvd., 
Houston 25, Texas. 
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Three-year traineeships in pediatric research 
are available to qualified individuals at The 
Johns Hopkins University School of Medicine. 
Candidates should have had at least two years 
of training or its equivalent in clinical pediatrics 
or medicine. 

Supported by the National Institutes of 
Health, the program is designed to prepare indi- 
viduals for full-time teaching and basic research 
in pediatrics. A broad theoretical foundation for 
research will be provided as well as experience 
with varied methodology. The program for each 
trainee will be individualized, but most trainees 
will complete course work in mathematics, bio- 
statistics, and chemistry. During the first two 
years, research will be carried out under super- 
vision in the fields of biochemistry, physiology, 
virology, and genetics, and experience with tis- 
sue culture methods, enzymology, electrolyte 
physiology, chromatography, and tracer method- 
ology will be provided. The third year will be 
devoted to research in one of these areas and 
progressive, increasing independence will be en- 
couraged. 

Stipends are $5,000 to $7,000 per annum. 
Tuition and laboratory expenses will be met by 
the department. For applications and further in- 
formation write to Dr. William L. Nyhan, De- 
partment of Pediatrics, The Johns Hopkins Uni- 
versity School of Medicine, Baltimore 5, Md. 


The Ninth Annual Postgraduate Seminar for 
Pediatricians will be conducted at St. Christo- 
pher’s Hospital for Children, the Pediatric De- 
partment of Temple University School of Medi- 
cine, Philadelphia, June 1 to 4, 1960. Half-day 
sessions will be devoted to various phases of 
pediatric medicine. 

For information regarding enrollment, pro- 
gram, registration fee, etc., write to Dr. John B. 
Bartram, St. Christopher's Hospital for Chil- 
dren, 2600 North Lawrence Street, Philadelphia 
33, Pa. 


Edward B. Shaw, M.D., Professor of Pediat- 
rics, University of California Medical Center, will 
deliver the Lee Forrest Hill Lectureship on “Pres- 
ent Problems in Bacterial Infections” at the 
Fourth Annual Pediatric Conference to be held 
at the Raymond Blank Memorial Hospital April 
1 and 2, 1960. 
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Russell J. Blattner, M.D., Houston, will speak 
on “Diagnosis of Viral Diseases” and “The Uses 
and Abuses of Antibiotics”; James B. Arey, M.D., 
Philadelphia, on “Neoplasms in Childhood” and 
“Pathology of the Newborn”; and Tague C. 
Chisholm, M.D., Minneapolis, on “Surgical Ap- 
proach to Neoplasms” and “The Management of 


Burns.” 
For further information write to Charlotte 
Fisk, M.D., 3200 University Avenue, Des Moines, 


lowa. 


A special residency is offered at St. Christo- 
pher’s Hospital for Children to provide longitu- 
dinal experiences in several of the subspecialties 
of pediatrics throughout the year to candidates 
who are graduates of a medical school in the 
United States or Canada and who have had an 
internship and two years of pediatric residency. 

The resident may participate in the planning 
of his program. One or more days of each week 
may be spent in such specialties as cardiology, 
neurology, hematology, endocrinology, allergy, 
and psychiatry. 

This program has been devised for the train- 
ing of pediatricians to fill the gap now existing 
between the general practitioner type of pediatri- 
cian and the one highly skilled in a given area. 
It is thought that pediatricians with such addi- 
tional training should (1) improve materially the 
quality of general pediatric practice, (2) serve 
more adequately as consultants with the general 
practitioner, and (3) work effectively with the 
larger pediatric centers in the care of children 
who for one reason or another must receive a 
part of their medical care in such centers. 

Appointments will be made about March 1, 
1960, for residencies beginning on July 1, 1960. 

Applications may be made to Waldo E. Nel- 
son, M.D., St. Christopher's Hospital for Chil- 
dren, 2600 N. Lawrence Street, Philadelphia 33, 


Pennsylvania. 


The American Board of Pediatrics, Inc., certi- 
fied the following diplomates at Chicago, Illinois, 
on Oct. 9, 10, and 11, 1959: 

\bernathy, Rosalind S., Department of Pediat- 
rics, University of Arkansas Medical Center, 
Little Rock, Arkansas. 

Adams, Billy M., 2001 “C” Crums Lane, Shively, 
Kentucky 


February 1960 


Ahern, Gene John, 1218 South Park Street, Red 
Wing, Minnesota 

Bass, Jack C., 327 East State Street, Columbus, 
Ohio 

Berger, Ruth, 2550 Independence Avenue, River- 
dale, Bronx 63, New York 

Brent, Robert Leonard, 1025 Walnut Street, 
Philadelphia, Pennsylvania 

Brown, T. G., 61 Camino Alto, Mill Valley, 
California 

Burke, William Norbert, 259 Kinderkamack 
Road, Westwood, New Jersey 

Carter, Robert Eldred, 1822 Glendale Road, 
lowa City, Iowa 

Chapper, Barbara M., 861 Monroe, Dearborn, 
Michigan 

Chicoine, Raymond E., 425 Ardwell, Town of 
Mt. Royal, Quebec, Canada 

Cleary, T. Emmett, 248 Brant Avenue, Brantford, 
Ontario, Canada 

Cohn, Gerald H., 2118 East Genesee Street, 
Syracuse 10, New York 

Cookingham, Cory Edward, Mott Children’s 
Clinic, Flint, Michigan 

Corser, David Hewson, 2929 Glendale Avenue, 
La Crosse, Wisconsin 

Costas, Margarita C., 1609 Colon Street, Apt. 
5-B, Santurce, Puerto Rico 

Cotton, Ernest Kuester, 915 South Colorado 
Boulevard, Denver 22, Colorado 

Cummins, John P. J., 121 South Barry Street, 
Olean, New York 

Donaldson, Virginia H., 1864 Forest Hills Boule- 
vard, East Cleveland 12, Ohio 

Dungan, William Thompson, 4 Kavanaugh Place, 
Little Rock, Arkansas 

Garcia Rivera, Arnaldo J., 1308 Ashford Avenue, 
Santurce, Puerto Rico 

Gold, Arnold Perlman, 5639 Netherland Avenue, 
Riverdale 71, New York 

Gollan, Frank, 90 White Bridge Road, VAH, 
Nashville 5, Tennessee 

Green, Orville C., The Johns Hopkins Hospital, 
601 N. Broadway, Baltimore 5, Maryland 

Greenberg, Donald Herbert, 6199 N. Lincoln 
Avenue, Chicago 45, Illinois 

Gross, John I., 950 East 59th Street, Chicago 37, 
Illinois 

Guthrie, Andrew Doherty, Jr., 2 Water Street, 
Medford 55, Massachusetts 

Hanna, Fikri M., 202 Bethal Hall, Galveston, 
Texas 

Hinkle, Nancy Hawes, Children’s Hospital, Cin- 
cinnati 29, Ohio 
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Hughes, Walter T., Jr., 933 Harle Avenue, Cleve- 
land, Tennessee 

Isom, John B., Department of Pediatrics, Van- 
derbilt Hospital, Nashville 5, Tennessee 

Johnson, Curtis M., 206 East 7th Street, Winona, 


Minnesota 

Jones, Clay H., Jr., 3233 S. Parkway, Chicago 
16, Illinois 

Kaloss, William A., 241 Harmony Road, New 
Monmouth, New Jersey 

Kane, Henry A., Jefferson Medical College Hos- 
pital, Philadelphia 7, Pennsylvania 

Kidd, Robert Royce, 5115 South Third Street, 
Louisville 14, Kentucky 

Kitto, H. John, 902 Stockdale, Flint, Michigan 

Kniker, William Theodore, University of Arkan- 
sas Medical Center, Little Rock, Arkansas 

Kuhnlein, Elsie Marie, 77-05 Juniper Boulevard, 
North Middle Village 79, New York 

Lantner-Adamsons, Ingrid Laima, 215 East 235th 
Street, Cleveland 23, Ohio 

Lattimer, Agnes D., 3559 West Sixteenth Street, 
Chicago 23, Illinois 

Lefstin, Allen H., 6360 Wilshire Boulevard, Los 
Angeles 48, California 

Leitzinger, William A. E., Jr., 206 North 2nd 
Street, Clearfield, Pennsylvania 

Macaulay, John C., 212 East Grove Street, 
Oneida, New York 

Mack, Ronald B., 6804 Windsor Avenue, Ber- 
wyn, Illinois 

Margolis, Richard Myron, 1630 Bay Meadows 
Drive, Florissant, Missouri 

Mayer, Shirley A., 303 East Franklin Turnpike, 
Ho-Ho-Kus, New Jersey 

Michaels, Richard H., 4327 School Section, Cin- 
cinnati 11, Ohio 

Millar, Rodney John, 1646 Maywood Road 
South Euclid, Cleveland 29, Ohio 

Miller, John Darrell, 2401 East Sixth Avenue 
Denver 6, Colorado 

Montgomery, William C., 31105 West Chicago, 
Livonia, Michigan 

Morgan, David Livingston, 2910 North Druid 
Hills Road, Atlanta 6, Georgia 

Morris, Gerald W., 34 Lincoln Avenue, Mt. 
Clemens, Michigan 

Morton, John B., 207 East Jackson Street, Thom- 
asville, Georgia 

Muhlenberg, Peter, 600 Museum Road, Reading, 
Pennsylvania 

Muscato, George V., Jr., 53 Gaffney Road, Lock- 
port, New York 
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Museles, Melvin, 91 Esmond, Dorchester, Massa- 
chusetts 

Nafziger, Myrl A., 
worth, Ohio 


Albrecht Building, Wads- 
Noonan, Jacqueline A., University Hospital, 
State University of lowa, lowa City, Iowa 
O'Connor, Joseph Michael, Muncie Medical 
Clinic, Muncie, Indiana 

Perry, Ralph Lee, 19 Jefferson Avenue, Sharon, 
Pennsylvania 

Pildes, Rosita Stephan, 2511 East 76th, Chicago 
49, Illinois 

Pisani, Albert Louis, 7020 Jeffery Boulevard, 
Chicago, Illinois 

Popper, Robert W., c/o Dr. John Osborne, San 
Francisco—Stanford Hospital, Clay and Web- 
ster Street, San Francisco 15, California 

Reardon, Andrew Eugene, 205 West 2nd Street, 
Duluth 2, Minnesota 

Reed, Henry Hofmann, The Duluth Clinic, 205 
West 2nd Street, Duluth 2, Minnesota 

Robertson, William O., 1481 Osborn Drive, Co- 
lumbus 21, Ohio 

Robin, Leon, 401 Ferndale Road, Glenview, 
Illinois 

Rossi, Robert B., 19 Appleton Place, Leominster, 
Massachusetts 

Salter, Edwin Carroll, 635 Roger Williams Ave- 
nue, Highland Park, Illinois 

Sarver, Ray Gourley, P. O. Box 12, Latrobe, 
Pennsylvania 

Schafer, Irwin Arnold, Department of Preven- 
tive Medicine, Harvard University, Boston 15, 
Massachusetts 

Schaffhausen, Mildred J., 400 West 66th Street, 
Minneapolis 23, Minnesota 

Schiebler, Gerold Ludwig, Mayo Clinic, Roches- 
ter, Minnesota 

Schiff, Donald Wilfred, 5715 South Cherokee, 
Littleton, Colorado 

Seidenberg, Molly R., 29 East 53rd Street, 
Brooklyn 3, New York 

Shelton, Clyde F., 601 East Spring Street, New 
Albany, Indiana 

Sommer, Beatrice Scott, 9 Daniel Road, South, 
Massapequa, Long Island, New York 

Sommerfeld, James P., Fairgreen and Highland 
Avenue, New Castle, Pennsylvania 

Sterling, Harold Melvin, Joseph P. Kennedy, 
Jr., Memorial Hospital, Brighton, Massachu- 
setts 

Stockdale, Earl McAninch, 2150 29th Street, 
Rock Island, Illinois 
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Stroup, Joseph Garland, United States Army 
Hospital, West Point, New York 


Stypula, Richard Walter, 811 East State, Sharon, 


Pennsylvania 


Thaden, Donald Ward, 208 M.A.C. Avenue, 


East Lansing, Michigan 

Timp, Leo Frederick, 518 10th Avenue North, 
Waite Park, Minnesota 

linkey, L. Leo, 18807 East Ten Mile, Roseville, 
Michigan 

Utter, Wilson Fiske, 122 Waterman Street, Provi- 
dence, Rhode Island 

Vanderpearl, Robert H., 851 Edlin Drive, St. 
Louis 22, Missouri 

Wheeler, Helen Elliott, 1315 West Avenue, Lan- 
caster, California 

Wolfson, Sorrell Louis, | Davis Boulevard, Suite 
103, Tampa 6, Florida 

Woodward, Kenneth William, Department of 
Pediatrics, University of Nebraska, Omaha 5, 
Nebraska 

Worley, Lee McBride, Jackson Memorial Hos- 
pital, Miami, Florida 


February 1960 


Wortmann, Donald Henry, 101 East Miller 
Road, Sterling, Illinois 

Yuan, Yu Ru, 203 North Main Street, New 
Lexington, Ohio 


The following passed his examination in New 
Orleans, Louisiana, in March, 1959, but was not 
eligible to receive certificate until July s 1959: 
Kern, Nathan L., 3431 Octavia Street, New 

Orleans, Louisiana 


Special foreign certificates were awarded to: 

Vazine, Gholam Hassan, 29 Jami Avenue, Teh- 
ran 1, Iran 

Nishimura, Kozo, 1, Izumikawacho, Shimogamo, 
Sakyoku, Kyoto, Japan 

Torres y Tablante, Corazon, 132 Roosevelt Ave- 
nue, Quezon City, Philippines 

Bukkavesa, Sombodhi, Department of Pediatrics, 
Siriraj Hospital, University of Medical 
Sciences, Bangkok, Thailand 





